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SEX DIFFERENCES IN SIMPLE SYLLOGISTICAL 
JUDGMENT 4-1 

Tsuiff IIua Umvetsily 


Han-Piao Chen 


Introduction 

This experimental study aims to find whethei theie is any signifi¬ 
cant sex difteience in simple syllogistical judgment lepiescnted by 
Thuistone’s Reasoning Test , Fonn B ( 8 ). Special caic was taken 
to contiol the expenmentci-subject sex relationship and to tieat the 
numeiical lesults by ligid statistical critcna 
Methodological Gonsidetations It is obvious that the experi¬ 
mental has some influence on the behnvioi and consciousness of sub¬ 
jects taking pait m any expci iment. In fact, this subjcct-expeiimenter 
relationship is itself a psychological pioblem In the oithodox 
introspective experiment, where the obseivci gcneially has special 
tiaining, the expenmentci has lelatively less effect upon the obsciver’s 
behavioi, consciousness, and inliospections than in the behavioral 
experiments, wheic veiy little technical tiainmg is lequned of eithei 
the cxpeiimentei 01 the subject The cxpenmentei is oftentimes a 
pait of the expeumental situation Subjects, especially naive ones, 
icact not only to the paiticulai expeumental set-up but also, perhaps 
pinna illy, to the cxpenmentei as well It is important that any ex- 
peiiment in sex difteience must take account of the sex of the expeii- 
mcntci One peitinent criticism of most lcseaiches on sex difference 
in the past is that they wcie conducted exclusively by either a male 
or a female cxpenmentei on subjects 01 obseiveis of both the same 
and the opposite sexes 

It is well known in hypnosis that ia[>poit must be maintained 
between the hvpnotizer and the hypnotized, and, in laboiatoiy expci 1- 
ments on normal subjects, the attitude of the subject to waul the 
expenment itself also affects the results gteatly, but veiy few in¬ 
vestigating noticed the impoitance of the attitude of subjects towaid 

^Received in die Edilonal Office on Wav 28, 1935 
This study was duected by Siegen K Chon 
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the experimenter. It seems to the present wliters that in any psycho¬ 
logical expcuincnt, the individual experiment especially, the lesultof 
a group of female subjects under the conduction of a male experi¬ 
menter may differ greatly from that untlei a female experimenter, and 
vice versa. Since the experimenter is a pait of the experimental 
situation, by which the subject may possibly be stimulated, it is 
reasonable to believe that the attitude of female subjects toward the 
male experimenter would be ditfeient from that toward the female 
experimenter. It is hoped that the special precaution of using one 
male experimenter in this experiment to conduct tile test on 27 male 
subjects and a female experimenter on 27 female subjects may meet 
this obvious, but neglected, objection in the sex-diffeicnce experiment. 
It must be pointed out, however, that this expcrimcntei-scx control 
is assumed to be more significant than the avoidance of an equally 
obvious individual difference in the change of an experimentci. 

Reliability of Sex Difference. Bonser in 1910, as reported by 
Fisher (4), tested 385 boys and 372 girls and found that the median 
score of the reasoning ability tests of the bovs was 165 83 while that 
of the girls was 159.25 The difference between the sexes was 6,83 
in favor of the boys Gates (6) reported Ins results of investigations 
on college students In all cases, men excel women about 2.0, 3,1 
and 0.8 per cent during the three years, respectively, Lowe and 
Shtmberg (2) had tested 529 males and 600 females and obtained 
norms for pupils from the 7th to 12th grades. They used Thur- 
stone’s Syllogisms Test, which was similar but much simplei than the 
same author’s Reasoning Test, Fonn A, used by us in anothci in¬ 
vestigation From Lowe and Shimberg’s lcsult, Bronnei, Hcaly, 
Lowe, and Shimberg concluded that "the difference between the 
sexes, however, is rather striking In the syllogisms test theic is a 
reliable difference between girls and boys at cveiy grade from seven 
to twelve in favor of the boys " Brigham (1) had also reached the 
same conclusion that “the comparison of seventh and eighth grade 
boys and gills shows slight sex differences in favor of the boys.” 
Recently, Maier (7), in studying human masoning, also leached 
the same conclusion that women were markedly inferioi to men in 
problem-solving ability. 

On the other hand, Dale concluded, after comparing the test re¬ 
sults of boys and girls in the mixed classes taught by women, boys 
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taught by men, and gals taught by women, that "there is no steady 
sex difference levealed, but merely an indication of the better develop¬ 
ment of lcasoning power in boys taught by men than in gals taught 
by women (3) So far as the geneial lesults are concerned, it 
seems that there is some sex diffeiencc in leasonmg ability. How¬ 
ever, is this slight diffeicnce in leasonmg tests between men and 
women reliable accoiding to rigid statistical critena ? Bionnei, 
Healy, Lowe, and Slnmberg did not give us any conciete data about 
the so-called "tellable diffeience between gvh and boys" (2), nor did 
the other investigators give us sufficient data for the calculation of tile 
reliability of their diffeienccs, hence, it is difficult for us to belteve, 
oi not to believe, that the above-reported diffidences are statistically 
significant 

In the tieatment of results repoited in this cxpeiiment, we ap¬ 
plied critical-iatio technique rigidly to om data and have diawn 
only conseivativc conclusions for tilts paiticulai mental peiformance 
of syllogistical judgment 


The Experiment 

Mateual and Apparatus The Thuistone Reasoning Test , Fo>m 
5 was translated into Chinese foi the piesent cxpeiiment of 32 
syllogistical aiguments, which deal with the simple “tall-sboit” rela¬ 
tionship among thiee persons, whose actual relative height ielation- 
slop is diffident from argument to argument For example, in one 
argument Brown may be said to be tallei than Jones and shoiter 
tian Smith, while, in anothei, Biown may be shoitei than both 
Jones and Smith, and still, in another, Biown may be tallei than 
both Jones and Smith, 2 

Tlie -Alher s Optical Stimulus Apparatus was used for the expo¬ 
sure of the syllogistical aiguments, which weic wntten on separate 
stimulus-caids In fiont of the appaiatus there is a window which 
can be opened or closed by the expenmcntei at will Behind that 
window theie is a box which contains all the stimulus-cai ds When 
the shutter is opened, the fiist stimulus-cai d can be seen by the sub¬ 
ject through the window The stimulus-card will he coveied up 
y the mcta l plate shuttei as soon as it is read The next ope tat ion 

"Chinese surnames were used in place of the Enghsh names 



6 


JOURNAL OF GFNI TIC PSYCHOLOGY 


opens the window nnd makes the hist sticnulus-catd fall down to the 
table, while, at the same time, the next stimulus-caul will appear in 
the window In icpealmg these opeiations (opening and closing 
the window), the stimulus-cards will be shown one by one to the 
subject in succession 

Praced we The experiment was pei formed undci the individual 
labor atoiy situation m a small, quiet, well-lighted room. During 
the test, thcic weie only an experimentei and a subject m the lahoia- 
tory The subject sat on an adjustable chan, the height of whicli 
might be regulated so that the subject felt comfortable and, at the 
same time, might easily sec the window of the cxposuie apparatus 
on the table. On the othei side of the table, thcic was a seat foi 
the experimenter This made the experimentei and the subject sit 
face to face. But between them there was Albci’s Optical Stimulus 
Appaiatus, which was sufficiently high to obstruct then eyesight so 
that neither could see the othei’s facial expicssions. Besides opening 
and closing the window foi the exposure of the diffcient arguments, 
the experimenter also lccorded the time and answer of each judg¬ 
ment Nothing was said by the expenmentei about the nature of 
the cxpenment After the stimulus-cards had been inserted into 
the box of the apparatus and tlte subject’s height had been adjusted 
to the table, the following typewritten English mstiuctions weie 
given 

Please lead the following instructions and do exactly what 
you are told to do You may ask the expeumcntci any ques¬ 
tion before the experiment, but do not ask any question when 
the experiment has already started. 

This is an cxpenment on reasoning It is also a test of con- 
centiation You will be shown, through the oblong window 
in the machine in front of you a series of thirty two arguments 
in Chinese in the form of syllogisms of the very simple soit 
Some of these arguments have true conclusions and some have 
false conclusions Each argument will be exposed thlough the 
window as long as you need for reaching a decision as to its 
truthfulness or falsehood As soon as you reach a decision 
as to the truthfulness or falsehood of the argument, lespond 
immediately by saying m Chinese Day (right) or Boday 
(wrong). Your leasocucig response time will be registered by 
n stop-watch, 



HAN-PIAO CHEN 


7 


Immediately after leasoning, please write down your intro¬ 
spection about aiguments or situations 
The experimenter will say "Ready!” and then, after one 
second, the window of the machine will open to expose the 
argument for you to read Please work as mpidly as you can 
without making mistakes 

Scou/iff. Time and eiroi in judging each argument is tieatcd 
separately in this lepoit An erior is counted whcnevei the subject 
judged the light conclusion as wiong 01 the wrong conclusion as 
light The time in seconds for judging each argument was regis¬ 
tered by a stop-watch 

Subjects and Expeumentei s Subjects vveie secured by personal 
appioach Altogether, we tested 57 subjects on Thurstonc Reason¬ 
ing Test, Fonn B Twenty-seven college men and three college 
women 3 were tested by a male expenmcnter, Mi Han-Pi no Chen, 
while the other 27 college women wete tested by a female experi¬ 
menter, Miss Laura Chao, who also made a pielunmary repoit of the 
lesults in the senioi author’s seminar The male experimenter was 
an assistant in psychology' and the female expeumentei a junior in 
psychology The female expeumentei served as a subject in the 
male experimenters sitting and also leccived preliminary training 
foi conducting tins experiment, hence, she was much benefited by the 
experiences of the male experimenter 

It must be pointed out that the data used in this lepoit were 
based only on the lesults of 27 rrfale subjects tested by the male 
expci imenter and 27 female subjects tested by the female experi¬ 
menter The lesults of the three female subjects tested by the male 
cxperimentei wcie discaidcd because of the fact that the text situa¬ 
tion foi these three female subjects could not be compared with that 
foi othei female subjects so far as the subject-experimenter rela¬ 
tionship is concerned 


The Results 

Speed and A can at y of Judgment The individual time and error 
scoies aic shown in Table 1 The avciage number of errors for 
male and female subjects is 4 0 and 5 9, tcspectively, favonng the 

3 Thc lesults of these three female subjects were not used in this report 
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TABLE I 


Individual Time and Error in Tiiursionh's Reasoning Test , Form D , 
Consisting of 32 Syllocim icai Arguments 


Male subjects under male 

Female 

subjects under 

female 


experimenter 



experimenter 



Secs per 

No of 


Secs, per 

No. of 

Subjects 

argument 

errors 

Subjects argument 

errora 

1 

12 3 

0 

28 

15 7 

5 

2 

12,6 

2 

29 

174 

3 

3 

15,6 

3 

30 

114 

2 

4 

9,8 

1 

31 

19 6 

1 

5 

15,9 

1 

32 

15 3 

5 

6 

6 8 

2 

33 

9.1 

5 

7 

IS 3 

2 

34 

68 

1 

8 

10 2 

5 

35 

8 9 

4 

9 

13 9 

4 

36 

18 6 

17 

10 

92 

l 

37 

L5 4 

0 

11 

13 1 

S 

38 

16 8 

4 

12 

15 0 

10 

39 

15 0 

15 

13 

11 1 

9 

40 

10 2 

5 

14 

14 

6 

41 

9 2 

0 

IS 

19,3 

2 

42 

93 

15 

16 

8 5 

7 

43 

13 2 

6 

17 

38 0 

7 

44 

14 8 

1 

18 

12 1 

1 

45 

10.3 

0 

19 

15 8 

3 

46 

9.6 

4 

20 

81 

5 

47 

89 

13 

21 

14 3 

7 

48 

14 6 

4 

22 

78 

3 

49 

10 1 

15 

23 

13 6 

2 

50 

17 8 

9 

2 + 

27 4 

0 

51 

22 2 

2 

25 

20,2 

8 

52 

9 3 

1 

26 

11 0 

9 

53 

63 

12 

27 

21 2 

3 

54 

10 5 

9 

Tatal 

397 0 

108 


345 5 

158 

Mean 

14 7 

40 


12 8 

59 

A D 

4.5 

25 


3.7 

43 


males, but the average time is 14 7 and 12 8 sec , icspcctively, favor¬ 
ing the females, The average variation of time score for males is 
much greater than that for females, and the lcverse is true in case 
of error scores This result agrees with die common belief that 
women act more immediately and lapidly than men, but men reason 
better than women. It has not been discovered, so far as the 
present writer is awaie, whether or not women reason quicker 
than men, but there are several investigators who definitely claim 
that men excel women in reasoning ability. 
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Reliability of Sex Difference Now, let us see whether the dif¬ 
ference found in our tests between the two sexes is reliable Table 
2 shows the reliability of mean and variability differences of both 

TABLE 2 

Rei jabiliti or Mean and Variadiiitv Diherencc or Time and Error 

Scores 


Mean difference 

Mnle subjects under Female subjects under 
male erpeiunentev temale experimenter 



Mean 

a Al Mean 

a u 

Dm 

a D 

D 

Per cent 






M 

a n 

chances 

Time 

Error 

1+7 

40 

125 12 8 

56 5 9 

79 

100 

I 9 

V 9 

1 48 

1 15 

1 28 

1 65 

89 97 

95 05 



Variability difference 





S D 

a a d ® ^ 


D 8 It 


D 

Per cent 


ff 8 D 

D S D 

a n 

chances 

Time 

Error 



H 

2 34 
232 



m 


time and erior scores It must be emphatically pointed out that 
none of the differences is statistically reliable, because none of the 
critical ratios reached the requned size, thiee or greater Referring 
to Table 1, it is seen that there is a difference between male and 
female subjects so fat as the variability of time and enor scores 
are concerned, Males are less variable than females in etior scores 
but more vaiiablc than females in time scoie This fact, in addi¬ 
tion to the results of aveiage time and error scoics, leads us to think 
that the slight supenonty of error scores foi males and that of time 
scores for females may be due to the difference m variability be¬ 
tween them The critical latios of the difference in variability 
for time and error scores are 2 25 and 2.86, respectively, but those 
of the difference in mean ate only 1 28 and 1 65, respectively Strict¬ 
ly speaking, none of them is statistically significant, but the difference 
in variability is lelatively moie reliable in comparison with the dif¬ 
ference in mean. 

Why Sex Difference Is Slight Tile above lesults agree with pre¬ 
vious findings in that theie seems to be a slight sex difference in 
syllogistical judgment so far as average time and error scores are 
concerned, but this slight difference is, however, not reliable accord- 
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mg to rigid statistical analysis Scvcial explanations for this unre¬ 
liability of the present test may be offeied here 

(a) The expei imenter-subject sc,\ relationship has been con- 
U oiled. It has been pointed out above that wc have had a male exper¬ 
imenter conducting the test on 27 male subjects, and a female experi¬ 
menter, on 27 female subjects It has also been shown that the 
experimenter is a part of the experimental situation by which the 
subject may possibly be stimulated, Hence, in conducting an experi¬ 
ment on sex difference of a ccitain mental ability or capacity, tile 
difference of test score between sexes would be greater if the ex¬ 
periment was conducted by either male or female only. In the pres¬ 
ent experiment, the expeiimenter-subject sex iclationship lias been 
controlled. The expeiimcntal situations aie equally favoiablc to 
both sexes and, hence, systematic enois that are likely to pioduce 
spurious sex diftei cnees have perhaps been avoided 

(b) Rigid statistical treatment of data loweis the significance 
of sev ihffei price From the results of the piescnt test, some sex dif- 
fcienccs in Thurstone’s Reasoning Test weic levealed in the avci- 
age time and error scores, but these difteicnccs are not reliable ac¬ 
cording to rigid statistical analysis It is the opinion of the picsent 
writer that any conclusion diawn meiely fiom two statistical avei- 
ages is dangcious Of couise, strict statistical analysis may not be 
vahd, but it seems questionable that the slight diffeiences in icason- 
ing ability between sexes lcpoited bv many picvtous investigates arc 
reliable, because most of their conclusions aie based on the avciagc 
scores only 

(c) The test is too simple to demolish ate any reliable differ¬ 
ence between college men and women Another explanation for the 
unreliable slight sex difteience in Thuistone’s Reasoning Test is 
perhaps that the test is too simple and easy to demonstrate reliably 
the sex difference in reasoning ability, if there is any. Unless there is 
really sex diffeience in syllogistical judgment, fuitliei experiments 
applying Thurstonc’s Reasoning Tests to childicn or using some 
other more complex reasoning tests on college men and women should 
be performed m order to thiow moie light on tins pioblcm 

Sex Difference in Nature of Judgment One inteicsting point 
brought out bv oui experiment is that thcie seems to be a slight sex 
difference in the nature of judging this tiue-faisc test Fritz had 
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repeatedly demonstrated that “theie is a maiked tendency on the 
pait of the students to give ‘true’ leactions rather than ‘false 7 The 
mtio is approximately 62 per cent to 38 per cent, lespectivcly” (8) 
In Thuxstone’s Reasoning Test, Foim B, half of the 32 aignmcnts 
a.c true and the othci half aie false, which fact was made known to 
the subject. Wrong judgments are of two types namely, those 
mistaking light conclusions as wrong ones (oi in Fntz’s term the 
false leactions), and those mistaking wiong conclusions as right 
ones (oi in Fiitz’s teim, the “tine” reactions) Table 3 shows us 


Men 

Women 

Total 


TABLE 3 

Anajysis or the Nature or Errors 


Total 
erioi s 

No 

Mistaking light con¬ 
clusions as wrong 

No Percent 

Mistaking 

elusions 

No 

wiong con¬ 
ns right 
Per cent 

108 

68 

62 96 

40 

37 04 

158 

68 

43 04 

90 

56 96 

266 

136 

51 13 

130 

48 87 


clearly that men made moic eirors when the arguments have true 
conclusions than when they have false conclusions, while, on the 
othet hand, women made moic eirors when the aiguments have false 
conclusions than when they have tiue conclusions In other woids, 
men made moic negative answeis or false reactions (63 pci cent) 
than positive answeis or tiue leactions, and women made moie posi¬ 
tive answeis (57 pei cent) than negative answeis We do not find 
any appicciable diffeicnce, howevet, between “tiue” and “false” re¬ 
actions when the iccoids of both sexes are combined Whether 
there is ically a sex difference in piefenmg to judge an aigument to 
be positive or negative is a pioblem that is well woith furthei ex¬ 
perimental verification 


Summary and Conclusions 

We applied individually a Chinese translation of the Thuistone 
Reasoning Test t Fonn B, to a gioup of 54 subjects, 27 being college 
women undci a female expeiimentci and 27 being college men under 
a male expci fmcntei, 

11ns individual expeument was designed to investigate the much 
discussed sex difference in simple syllogistical judgment, One signi- 
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fiCRiit feature in tliis particulai expci intent is the special control of 
the cxperimcntcr-subject relationship. It is pointed out that most 
investigators have neglected, in the past, this cxpci imenlci-scx con¬ 
trol. We are convinced that whethej a male or a female experi¬ 
menter is conducting an experiment on sex dift'cicncc makes a great 
difteieiicc in the results. 

Men, on the average, take longer time (14 7 sec.) to pass a 
syllogistical judgment, hut commit less criors (4.0), while women 
aie usually quicker (12.8 sec ) in passing judgments, but commit, on 
the aveiage, more errors (5.9). However, these diffeiences are not 
very significant according to rigid statistical treatment For 
time, the critical ratio is 1 28, which corresponds to 89,97 per 
cent chance and, for error, 1 65, corresponding to 95.05 pci cent 
chance Confirming most researches m the past, sex diffeiences in 
variability of response aie more significant, 

There are many reasons foi the lack of significant sex differences 
by our technique of experiment' (1) The experimenter-subject sex 
relationship has been contiolled; (2) rigid statistical treatment of 
results lowers the significance of any found diftciencc; and (3) 
Thurstonc’s test is pci Imps too simple to demonstrate any reliable 
difference between college men and women Howevci, the fact that 
more men (63%) tend to mistake light conclusions as wrong and 
more women (57%) tend to mistake wrong conclusions as right 
seems to be a chaiacteristic sex difference. 
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STUDIES ON THURSTONE’S REASONING TESTS* 1 

Tung Hwa University 


Han-Piao Chen 


Introduction 

So far as the wntei is awaie, there seems to be no formal report 
on the two foims of the Thurstonc Reasoning Test. It is interesting 
to know how fai these simple syllogism tests can actually test leason- 
mg ability It has been ci lticized by many people as too simple to be 
an adequate test foi the complex icasonmg processes. However, its 
veiy simplicity, the familnmty of the test material, and the uniform 
icpiesentation of the matenals in the test may be an advantage over 
those complex, variable leasonmg ability tests which more or less 
suffer fiom what had been found by Thorndike (3) and Wilkins (4) 
concerning the effect of changed data and material upon leasonmg 
The aim of the piesent investigation is not so much a study on rea¬ 
soning ability as an expenmental analysis of Thuistone’s Reasoning 
Tests themselves The following problems weic in mind when we 
worked on this test 

1 What are the most difficult aiguments in these obviously 
simple, easy leasonmg tests’ Is theie an effect of foim and con¬ 
tent on the scoic of judgment’ 

2 What aic the methods of attack in solving these aiguments’ 
Do the subjects spontaneously arrive at a ceitam method of attack 
at the beginning of the test without tnal and eiroi ’ 

3, Is theie any con elation between eiror and time in judging’ 
In other woids, does the quicker subject tend to produce more or less 
valid answcis’ 

4 Is theie any con elation between the scoie of Thmstone’s 
Reasoning 7 csts and the giade in geneial physics of college students’ 

Experimental Procedure 

Material. The Thurstone Reasoning Tests, Foims A and B J were 

•Received in the Editorial Office on May 28, 1935 

This study was dnected by Siegen K Chou 
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translated into Chinese for the following four series of cxpeiintents, 
Form A consists of 20 syllogistical aiguments, which deal with the 
light-heavy relationship among silvei, coppci, and iron, the rela¬ 
tions among relatives, the relationships of debts among three per¬ 
sons, the relation of club membership between Luo dubs, and the 
birthday relationship among three peisons. Each of these five types 
of problems consists of four aiguments. Fotm B consists of 32 syl¬ 
logistical arguments, which deal with the simple tall-shoit relation¬ 
ship among three persons, whose actual relative height relationship 
is different from aigument to argument For example, in one argu¬ 
ment, Brown may be said to be taller than Jones and shorter than 
Smith, while, in another, Brown may be shorter than both Jones and 
Smith, and still, in another, Brown may be taller than both Jones 
and Smith All the arguments, in either Fonn A or Form B, are 
similar in form but none of them is exactly tile same in statement. 

Test Senes. Four series of tests weic performed Senes I was 
performed under the individual laboratory situation. Fifty-seven 
subjects had been tested by means of the Tburstone Reasoning Test, 
Form B. The Alber’s Optical Stimulus Apparatus had been used for 
the exposure of different arguments. The subject was required to 
read one aigument at one time and then judge its truthfulness or 
falsehood Both time and error for each argument had been recorded 
by the experimenter separately (1). Scries II was pei formed bcfoie 
the regular hour of a seminar. Ten subjects, sitting around a table in 
a small libiary of the Psychology Department, had been tested by 
Form A only (in English), Series III and IV were perfoimed in 
two lecture rooms Tile former was given at the regular hour of a 
class of advanced experimental psychology, while the latter was given 
at the regular houi of a class of general physics In both series, sub¬ 
jects, sitting in pairs, had been tested by Fot ms A and B, which were 
printed in Chinese on two separate sheets of paper. In oidcr to 
avoid copying the judgments of one’s neighbor, Forms A and B had 
been distributed alternatively. This is to say, in the first trial, all 
subjects whose seats were odd numbers were tested with Foi m A and 
subjects whose seats were even numbers were tested with Foim B, 
and, in the second trial, the foims were reversed. Eight subjects had 
been tested in Senes III, but only seven of them had completed their 
tasks. In Senes IV, 170 students had been tested, but only 155 and 
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141 of them had answcied all the aiguments in Forms A and B, 
respectively Hence, we had secured 172 subjects foi Fojm A and 
205 subjects for Form B, All series, except I, were tested under 
group situations The task of the subject in these group series was 
the same as that in individual series 1 Oial instiuctions were given 
befoie the test by the experimenter After all the subjects had under¬ 
stood what the expci imentei wanted them to do, test materials weie 
distributed to them. At a given signal the test was begun The 
total time required to finish the whole test was recorded by the sub¬ 
ject himself immediately aftei he had finished 


An Analysis of Tiiurstone Reasoning Tests 

Relative Difficulty of Different Aiguments The relative difficulty 
of different aiguments in Form A and Form B in tcims of error 
scoie by all the subjects and Foim B in teims of time score by 57 
subjects ate shown in Table 1 This table shows that diffeient argu¬ 
ments are of very unequal difficulty so fai as both the time and error 
scoies arc concerned Thus, we see that argument No. 17 of Form 
A has only 4 eirors but No. 14 has as many as 80 errois, and No. 
13 of Foi m B has only 9 errors but No 5 has as many as 49 errors. 
The time scores show smaller vaiiation. It was the subjects’ intro¬ 
spective records of Foim B in Series I and the expci lence of the 
writeis during the translation and piepaiation of this test that sug¬ 
gested that we analyze and compare the diffeient aiguments as to 
their relative difficulty. Several tentative conclusions may now be 
drawn as follows* 


(a) The difficulty of aiguments in terms of enoi scoie vaiy 
with the content, data, oi category of arguments. It has already 
been pointed out that in Foim A we have five types of problems to be 
reasoned out by om subjects These five kinds of relationships are 
what we mean by diffeient data oi content in the tested arguments. 
It is noted that the total number of enors are different for each kind 
of relationship The debts relationship, which yielded only 53 errors, 
is the easiest, and the club membership relation, which yielded 188 
errors, are the most difficult to judge The other three categories, 
birthday, light-heavy, and relatives, yielded 60, 74, and 84 errors! 
respectively This effect of content upon the relative difficulty of ar¬ 
guments confirms the geneial findings of Thorndike (3) and Wil¬ 
kins (4) 
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TABLE 1 


Rhative Diuiculit; oi DnimiNi Akoumlnis 


Argument 

No 

Total error scores 

Form l loan 11 

(172 subjects) (205 subjects) 

Time score 

Form 11 
(57 subjects) 

1 

23 

41 

198 

2 

46 

32 

16,5 

3 

21 

34 

21)8 

4 

38 

16 

15 1 

5 

8 

49 

182 

6 

21 

33 

IS 5 

7 

19 

20 

16 1 

8 

16 

28 

14 6 

9 

60 

15 

10 3 

10 

18 

12 

11 0 

11 

19 

30 

122 

12 

15 

12 

14 1 

13 

8 

9 

11 6 

14 

80 

20 

12 8 

IS 

15 

18 

15 5 

16 

11 

32 

12 7 

17 

4 

30 

11 1 

18 

8 

17 

114 

19 

10 

17 

12 3 

20 

19 

23 

13 2 

21 


21 

114 

22 


36 

14 2 

23 


13 

11 1 

24 


3 L 

12 4 

25 


22 

12.1 

26 


27 

11 3 

27 


23 

11 4 

28 


26 

10 0 

29 


14 

11 0 

30 


28 

10 l 

31 


10 

11 8 

32 


23 

120 

Total 

439 

762 

432 9 


(i) Given the same data oi content, the difficulty o[ argu¬ 
ments in terms of both tune and enor scenes may vaiy with the tall - 
shoit telationship in the aigument. In analj'zmg Foirn B } it is noted 
that the 32 arguments may be classified into foui gioups, oi eight 
sub-groups, accoiding to the vanous tall-shoit lelationships. The 
argument, e.g, Biown is shoitei than Smith, Jones is shoitei than 
Brown , therefore, /cutes is shoitei than Smith, consists of tlnee 
propositions consistently dealing with the lelationship of shortness, 
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which may he denoted by the symbols SSS On the othei hand, if 
all three piopositions deal with the lelationship of tallness, then the 
symbols will be TTT Similaily, we have aigumems of TTS, SST, 
STT, TSS, TST, and STS The lelative difficulty of the different 
groups m teims of time and error scoies aie shown in Table 2 

TABEE 2 

ErFccrr or Changed Tall-Short Relationship of Fonn B upon Difficulty 

Gioiip A Group B Group C Group D 
TTT SSS TTS SST STT TSS TST STS 


Time 118 119 12 5 IS 6 13 6 14+ 1+S 16 2 

Av 11 9 13 0 14 0 15 3 

Error 57 105 100 97 93 90 96 124 

Av 162 197 183 220 


It is easily seen from this table that the aigumcnts under Group A 
are much less difficult than Group D by both time and erioi scores 
Group C, having 183 errois, seems a little easier than Group B, 
having 197 enors, but the reveise is tiue in time scoies, 

This effect of changed relationship upon the relative difficulty of 
different arguments is by no means an unexpected phenomenon 
According to intiospective comments, it is to be noted that many 
subjects ficquently lepoited that those arguments consistently deal¬ 
ing with the lelationship of shortness or tallness are easy to com¬ 
prehend Moreovei, some objects icpoitcd that they could not reach 
a decision unless they had transformed an aigument into a TTT or 
SSS type, This is to say that some of oui subjects used tallness 
or shortness as the standard of companson Whenever he used 
tallness as his standard, he would change those propositions dealing 
with the relationship of shoitncss into tallness, or vice veisa. For 
example, the proposition “Brown is shoitcr than Smith” would be 
changed into “Smith is taller than Brown,” if the subject used 
tallness as the standard of lefcrence The lelationship of TTT and 
SSS is perhaps easiei for memorizing than any othei lelationship, 
and so they tend to make the subject have quickei decision and less 
error 

(c) Given the same data or content, the difficulty of argu¬ 
ments in terms of both time and error scores vary zvith the sequence 
of persons in the arguments The sequence of persons is different 
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in the arguments of Form B. Generally, they may also be classified 
into foui gioups of eight types as follows. 


Group 1. Type A (a-b, a-c; c-b ) 
Gioup 2: Type C (a-b, b-c, c-a ) 
Group 3: Type E (a-b; c-a, b-c.) 
Group 4* Type G (a-b, c-b ; c-ti.) 


Type B (a-b; a-c, b-c ) 
Type D (a-b, b-c, a-c.) 
Tvpc F (a-b; c-a, c-b ) 
Type H (a-b; c-b; a-c ) 


Here our interest is only in the sequence of tlnee poisons in dif¬ 
ferent arguments No attempt has been made to analyze the effect 
of a different sequence of particulai pci sons upon the difficulty of 
arguments. Each of the three symbols may repicscnt each of the 
three persons, but each of them represents one person consistently 
only in that particular argument For example, a-b may represent 
"Brown is taller (or shorter) than Jones,” "Brown is shoitcr (or 
taller) than Smith,” "Jones is taller (oi shorter) than Smith,” 
or any other proposition Likewise, a-c, b-c, c-a, oi c-b may represent 
any one proposition in the test; and also a-b, a-c, b-c may represent 
Argument No. 1 (Brown is taller than Jones, Brown is shorter 
than Smith, therefore, Jones is taller than Smith), or aigumcnt 
No. 6 (Smith is shorter than Jones, Smith is taller than Brown, 
therefore, Jones is shorter than Brown) The symbol a may repre¬ 
sent "Brown” in Argument No. 1 but may also represent "Smith” 
in Argument No 6, although rt can represent only one person con¬ 
sistently within any one argument 

The time scores of 57 subjects and the ciror scores of 205 sub¬ 
jects are shown m Table 3. It is noted that the order of difficulty 


TABLE 3 


Effect of Changed Sequence oi Persons upon Duticulty or For hi B 



Group 1 

Group 2 

Group 3 

Group 4 


A 

B 

C 

D 

E 

F 

G 

H 

Time 

13.9 

16 7 

11.6 

11 6 

14 7 

11 9 

15 5 

12 3 

Av 

15 3 

11 6 

13 3 

13 9 

Error 

116 

140 

110 

98 

89 

62 

82 

65 

Av, 

256 

208 

151 

147 


according to the time score is; Groups 1, 4, 3 and 2, while the erior 
score is* Groups 1, 2, 3, and 4 Although arguments m Group 2 
yield more errors, so far as the most difficult arguments arc con- 
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ccrned we have reason to believe that those arguments in Group 1 
are the most difficult m both time and erroi scores 

From the results of this and the preceding sections, it seems that 
the most difficult arguments ate those which belong to Gioup D of 
the tall-short ldationship and, at the same time, belong to Gioup 
1 of the sequence of peisons Table 4 gives this kind of analysis, 
where A, B, C, and D denote different classes of height relationship, 
and 1, 2, 3, and 4 denote those gioups of sequence of peisons, and 
also A-2, A-3, etc , denote those aiguments that belong to both Group 
A class of height lelationship and Gioups 2, 3, etc, of sequence of 
persons This combined effect of height lelationship and sequence 
of persons is shown in Table 4 


TABLE 4 

Rclaiivf Difficulty of Arguments or Foi B 


Time 

Error 


The range of time and eiror scores of height relationship and 
sequence of peisons taken togethei are all greater than either taken 
alone In other words, the easiest and the most difficult aiguments 
are usually those combining both the easiest and the most difficult 
height relationship and sequence of persons as seen in Table 5 The 


Combination 

A-2A-3 ,B-2 B-3 C-l C-4 D-l D-4 


HI 12 7 122 13 8 13 4 14 5 17 2 13 3 

95 67 84 103 SO 153 67 


TABLE 5 

Comparison of Range or Timt and Error Scores or Form B 


Time 

Error 


Height Sequence After 

relationship of persons combination 


11 8—16 2 
(A)—(D) 
57—124 
(A)-(D) 


11 6—16 7 
( 2 )—( 1 ) 


62—140 


(3) (1) 


11 1—17 2 
(A-2) —(D-l) 
67—153 
(A-3) —(D-l) 
(D-4) 


most difficult aiguments are those combining both the most difficult 
height relationship and, at the same time, the most difficult sequence 
of persons. For example, D is found to be the most difficult height 
relationship and 1 the most difficult sequence of persons by both 
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time and error scores, and hence the combination of D-l is found 
to be the most difficult as shown in Table 4 
Method of Attack in Solving Problems, From both subjects’ intro¬ 
spective records and experimenters' obseivations during the peiform- 
ancc of the test, several methods used bv oui subjects in judging 
whether the conclusion of the aigumcnt is tiue or false have been 
noted. Some had chosen three fingers, two feet and one hand, or 
three digits to represent the three poisons in tire argument, and, at 
the same time, the relative position of the right and left, front and 
hack, or top and bottom was taken as an indication of the tall-short 
relationship of the persons in the aigumcnt Some also used three 
lines of unequal length to represent thiee persons, the longest line 
standing for the tallest person and the shortest line the shortest 
person One subject reported that she imagined the tallest person 
located in the highest part of the biain and tile shortest pcison in 
the lowest part of it Several subjects used the symbols > and < 
to represent the tall-short relationship. Some other subjects read 
out the arguments in older to obtain a decision for the tiuth or 
falsehood of the conclusions Another interesting fact is that one 
subject reported that, when he read the argument, he pronounced 
the name of different peions with different pitches in order to arouse 
different auditory imagery. A forceful pronunciation of the name 
of a person means tallness of that person, and a weak pi enunciation 
means shortness. 

Those who formulated any method of attack at all acquired it 
only after some preliminary trial and eiror. None of the subjects, 
according to their introspective records, developed any definite method 
during the first few trials Usually two or three cues were tried 
out at first by most of the subjects, and then they finally arrived 
at one definite method of attack 

Correlation between Tune and Enor Scales There arc two ways 
of correlating tunc with error scores, one with respect to arguments 
and tile other with respect to subjects With respect to arguments, 
the coefficient of correlation by the product-moment method is found 
to be 4**71; with respect to subjects, —*.002 The former con elation 
indicates that those arguments that lequircd a shot ter time for our 
subjects to judge also yield less error, and vice versa. This icsult 
agrees with the data shown in Tables 2, 3, and 4 and indicates 
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that, even thought the aiguments aie very simple, there is a wide 
range of relative difficulty among them, judging from both time and 
error scores. 

The time and error coi relation with respect to subjects is only 
— 002, which is practically zero correlation This means that some 
subjects may take a shorter time and have less crioi, othei subjects 
may take a longer time but have more errors, still others may take 
a shorter time but have moie enors, and still others may take a 
onger time but have less errors This tendency may be seen in 
Tabic 6 Subjects whose time scores fall within the first quartile, 


TABLE 6 

Rn.ATION HETWFHN TIME AMD ERROR SCORES OF FoiVI D 


(57 subjects) 



Slower 

Speed 

-- 


Normal 

Quicker 

Total 

Less 

Error* Moderate 

3 

8 

6 

16 

3 

8 

12 

32 

Total 

14 

29 

3 

14 

13 

57 


third quartile, or between first and third quartiles are said to have 
quicker speed, slowei speed, and normal speed, lespcctively Similar¬ 
ly, subjects may be said to have less eiror, more eiror, and moderate 
error It is easily noted from Table 6 that a subject may have 
slower speed and more eiror, quicker speed and more erior, normal 
speed and moderate error, and so forth. The two extremes repre¬ 
sent those whose tune and error scores are positively and negatively 
correlated respectively, but the majority of them belong to the class 
of normal speed and moderate error Tins result confirms Dale's 
finding that there is no relationship at all between score (or number 
of errors) .and rate of working” (2) in reasoning ability tests” 
Cor,elation between Scoies of Thurston/s Reasoning Tests and 
Gtade m Genetal Physics Incidentally, it may be of interest to 
know how Thuistone s Reasoning Tests are related to the actual 
grade in the general physics course Before we present the correla- 
ion coefficients between test scores and grade maiks m this course, a 
few vvords should be said about the marking system as used in Tsing 
Hua University, which has five-letter grades E for excellent S for 
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superior, N foi normal, 1 for infciior, and F for failuic The per¬ 
centage equivalents aic as follows’ E = 91-100 per cent, S — 81-90 
per cent, N = 71-80 per cent, 1 = 61-70 per cent, and F = 60 
per cent and below Besides these gross marks, plus or minus 
is also attached to each giadc, and hence twelve niaiks aic possible 
foi the foui passing letter giades, each having a value of three 
points. A grade below / cannot be included in the coi relation table 
because it langcs anywhere fiom zero to 60 points. 

We calculated 12 corielation coefficients foi both forms of the 
test, foi both time and error scores, and for first and second terms 
and for tile whole academic ye.u The number of poisons varies 
somewhat m the diftetent correlations Foi test Fonn A, 120 pcisons 
have both test scores and grades above I foi the first term, 121 
persons for the second tcim, and 118 persons foi the final, for test 
Fonn B, 107 persons have both test scores and guides above I for 
the first tcim, 106 peisons foi the second teim, and 103 poisons 
for the final. The corielation coefficients aic shown in Tabic 7 


TABLE 7 

Correlation between the Scores or Tuurstonl’s Reasoning Tisis and 
the Gradf in Comtgp Physics 


Test 

Score 

1st tcim 

2nd term 

Final 

Avciage 

Form A 

Tune 

— 375 


i§S Ejl 

— 544 

Fonn A 

Error 

— 779 


HI 

— 377 

Fonn 11 

Time 

— 735 


S3 II 

— 699 

Fonn H 

Error 

— 386 



— 591 

Average 


— 569 


— 611 

— 553 


Since both time and error scores are negative measures of the 
test trait, it is obvious that all except one of the correlation co¬ 
efficients in Table 7 are minus. We are not in a position to explain 
the wide discrepancies in the 12 correlation coefficients. The average 
in the first term for both tests according to both time and error 
scores is somewhat higher than that in the second term When 
the final giade is coi related with the test, tile coefficient is highest 
In general, Test B seems to corielate higher with giades in physics 
than Test A, and time scores seem to correlate higher than crroT 
scores, 
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Summary and Conclusions 

We applied Thuistone’s Reasoning Test, Form A (English), to 
a gioup of 10 subjects and a Chinese translation of both Forms A 
and B to 162 and 348 subjects, respectively, undei two group situa¬ 
tions Another gioup of 57 subjects had been tested by Form B 
only under individual laboratory conditions The time required 
to answer each argument was registered in the individual test situa¬ 
tion, but only the total time requited to complete each form of tests 
had been recoided in the group test situation 

A detailed analysis of Thurstone’s Reasoning Test revealed the 
fact (1) that the relative difficulty of the different aiguments in 
teims of erroi score may vaiy with the content, data, or category 
of arguments, (2) that, given the same data oi content, the difficulty 
of arguments m teims of both time and eiror scores may vary with 
the tall-short lelationship in the aigument, and (3) that, given the 
same data or content, the difficulty of aiguments in terms of both 
time and error scores may vary with the sequence of persons in the 
arguments. Subjects used all soits of imaginal cues in passing a 
judgment, and there is piactically no conelation between speed and 
accuiacy of judgment Finally, we found that test scores in 
Thurstone’s Reasoning Tests are correlated with grades in college 
p ysics to the extent of —611 Since the scores are time and 
errors, the coi relation coefficient is necessarily minus 
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CONDITIONED RESPONSES IN THE WHITE RAT. 
Ill CONDITIONING AS A FUNCTION OF THE 
LENGTH OF THE PERIOD OF DELAY* 

Umvctsity of Roc/iestei and Drown Univetstty 


William E Kappauf and Harold Schlosberg 


Introduction 


The formation of conditioned leactions in the white rat based 
upon the unconditioned response to shock has been described in pre¬ 
vious papers by Schlosbcig (9, 10) He found it quite easy to 
establish conditioned bieathing leactions to a buzz or light but rather 
difficult to obtain a stable withdrawal of the leg or tail. The in¬ 
fluence of certain factors in the expeiimental situation upon the 
progicss of the learning was investigated, but no attempt was made 
to vary the interval between the conditioned and unconditioned 
stimuli The present study was designed to determine the effect of 
this paiticular variable 


„ In CJirl >’ wo,k of Pavlov (6) on “simultaneous,” “delay,” and 
trace icflexes, time intervals weie lecorded in minutes rather than 
seconds But when one turns from a study of glandular lesponses 
to one of skeletal activity, pi ease temporal lelationslnps seem to be 
more important Thus, Schlosberg (8), using a bell-tap sequence in 
establishing a conditioned knee-jerk in human subjects, observed that 
intervals between 2 and 44 sec led to optimal conditioning, while 
shoitei periods of “delay” were much less favorable Comparable 
results were reported by Hilgard (2) for the conditioned eyelid re- 
ex More elaborate than the above have been the leccnt investiga¬ 
tions of Wolfe (12, 13). In the course of her two studies of 
the conditioned hand withdrawal, she employed some 160 subjects 
assigning them to diffeient gioups and training them with different 
intervals between the associated stimuli The positive intervals be¬ 
tween 2 and 6 sec weie most effective, and on eithei side of this 
legion the incidence of conditioned lesponses dining the test trials 
was much l ower than the maximum fiequency (37 per cent in the 
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first experiment and 57 per cent m the second) Razian (7) has 
suggested that the diminished effectiveness of the longer forward 
intervals employed by Wolflc might be a function of the relatively 
short period between successive parted stimulations. It may also 
be mentioned that Wolflc adopted a discrete conditioned stimulus, 
namely, the impact of a sound hammer Her situation was typically 
that of a “trace” lather than a “delay” icflcx, and this fact also 
may have affected conditioning at the longer intervals. 

The first approach to the problem of optimal temporal sequences 
in animal conditioning is found in the work of Can and Freeman 
in 1919 (1) In this experiment with the white rat in a double¬ 
choice maze, the sound of a buzzer was associated with a closed 
door which made necessary a series of turning and retracing move¬ 
ments Learning to turn at the presentation of the sound was more 
successful when the buzzer was sounded approximately 1 sec. before 
the animal reached tire door than rt was rf the two stimuli were 
coincident or if the buzz came some 8 sec after the tctracing 
had begun. In a very similar situation, Yarborough (14) established 
the habit of turning and retreating fiom the pathway when a shock 
was received Subsequent presentations of a buzz in definite time 
relations with the shock formed the basis foi a first-ordei conditioned 
response. With this technique, intervals greater than 2 sec wcie 
regularly less satisfactory, while those of 1 and 0 sec were both 
more effective in bringing the animals to the 90 per cent cuter ion. 
When second-order conditioning was attempted with a new sequence 
of light and buzz, the older of difficulty increased with the length 
• of the interval 

Perhaps a more typical conditioning situation was that devised 
by Warner (11), The unconditioned response was the iat’s unco¬ 
ordinated scrambling over a low wall which separated a charged 
from an uncharged grid. The conditioned stimulus, a buzz of 1-scc, 
duration, preceded the shock by 1, 10, 20, or 30 sec for different 
experimental groups. Of these groups, the one trained with the 
1-sec delay reached the criterion most rapidly 

This brief account covers the literature on controlled investigations 
of the relative effect of different short intervals upon the establish¬ 
ment of conditioned responses so fai as the picscnt wnlcis aie 
aware. Other experiments seem to have adopted intervals which 
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weie either tiaditional, convenient, or which aftoided satisfactory 
results This latter is cleaily the case in those studies of auditoiy 
sensitivity involving the conditioned bieathmg icaction A 5- or 
10-sec., interval of delay affouls a bicathing record adequate for 
analysis, but thcie is no icason to believe that this is the most satis¬ 
factory pcnod foi the development of sharp, conditioned skeletal 
responses In the eailier wotk of Schlosbcig on the white iat, 
the penod of delay was set at 1/3 sec to coriespond appioximately 
to the optimal interval foi humans In contrast to the reported 
consistency of conditioned skeletal icactions in the higher mammals 
(5), the incidence of leg oi tail 1 espouses in the rat was relatively 
ow. It seemed quite possible that the conditioning might be moie 
effective with an interval othci than 1/3 sec 

In investigating the importance of this temporal factor, the present 
experiment has given no consideiation to "backward" intervals be¬ 
cause of their relative ineffectiveness (6, 12, 13) 


Apparatus and General Procedure 

Most of the parts of the apparatus used in the present study have 
already been described (10) The holder was so arranged that 
the rat was supported astride a block of wood. His light foreleg 
was held extended by the tension of a light mechanical recording 
system; the othei three legs were secured by thongs A second 
lever anangement made it possible to record tail movements, and 
a pneumatic system (balloon and tambour) provided a record of 
respiratory activity The unconditioned stimulus was a 60-cycle 
half-wave rectified alternating cunent, applied through a wick elec¬ 
trode on the right fo.eleg and a la.ge "indifferent'' electrode on the 
a domen A lesistance of 5 meg was put in sciies with the animal, 
.and the current, as lead on the milliametcr, was contioiled by varying 
the voltage A loud buzzer furnished the conditioned stimulus 

n place of the oiigmal timer, it was necessaiy to substitute one 
wiich would pemut a wide variation of stimulus durations For 
this puipose a Leipsig time-sense apparatus was rebuilt and driven 
by a Telechi on motor. Four trip keys on the graduated cucum- 
erence were connected to appiopnate lelays and switches so that 
he successive opening of these keys would initiate the buzz, then 
the shock, and finally terminate both simultaneously. The temporal 
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relations between these events were lcgularly checked with an im¬ 
pulse counter 01 an electnc stop-clock, which could he read to 1/120 
or to 1/300 sec, respectively. 

After a consideration of the previous conclusions of Schlosbcrg 
(9, 10), Liddell (5), and others, the following training technique, 
which seemed most favoiable to conditioning, was adopted. From 
20 to 25 buzz-shock sequences were piescnted during each of six 
daily sessions The interval between successive paired stimulations 
was never less than one minute and larcly more than two, so that 
each session lasted about 35 minutes The stimuli weie nevci de¬ 
liberately given while the animal was snuggling. Since it has often 
been suggested that unrcinforccd “test” tiials delay the establish¬ 
ment of the conditioned response, the buzz was ncvci picscntcd with¬ 
out the shock In consequence, the sole ciitdia of the piogicss of 
conditioning were early responses, le, behavimal changes which ap¬ 
peared aftei the buzz had begun but bcfoie the shock was ad¬ 
ministered 

The time intervals which were selected for special study wetc 1/3, 
2/3, 1, 2, 4, and 7 sec Following these fixed periods of "delay," 
the buzz and shock continued together foi 1/3 sec. 

The animals used were healthy, well-fed males descended from 
Wistar Institute Commercial stock. They had had no previous 
training with buzzer, shock, or lestraint conditions, and were taken 
at random from that group in the colony which happened to be be¬ 
tween five and eight months of age at the time of the expcilment 
Two animals were always tiamed concuircntly at a given delay 
period and wcic never used for more than one such interval. In 
each experimental pair, one animal was tiained with a shock of fixed 
duiation The shock circuit foi the othei animal included a shoit- 
crrcuitmg key adjusted so that any leg withdiawal exceeding 1 mm , 
if maintained until the current flow had ceased, would pi event or 
terminate the shock Schlosbeig (9, 10) has already lcpoited that 
there seems to be little diffeience in effectiveness between these two 
methods even though the SC animal consistenly terminates the shock 
by his response to it. The two situations weie earned ovei into 
the present study for further analysis Thus, one rat of each pair 
received a shock of 1/3-&CC, duration, while the othei animal usually 
"shorted” the shock at the end of .1 sec 
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Evaluation of the Responses 

In general, the records of the piesent expenmcnt add further 
support to the statement that the conditioned response does not pie- 
cisey reproduce the unconditioned lesponsc in form or magnitude 
10). When the icactions were onginally classified, paiticu- 
lar attention was g.ven to those leg flexions, bieathing changes, and 
movements of the tail which approximately coi responded in sudden¬ 
ness and amplitude to the unconditioned activity elicited by shock 
Rut such bieathing icactions nevei appealed in more than 30 pci cent 1 
, , f01 anv one animal, and, on the avciagc, occuired in 

less than 2 per cent Complete leg flexions had an avciagc in¬ 
cidence of less than 8 pci cent, and vigoious tail movements were still 
more infrequent It was, theiefore, veiy impractical to try to use 
these responses as indices of the depth of conditioning In the final 
data sheets and in the accompanying chaits, all leg flexions were 
grouped together and all whipping and bending movements of the 
tail weie amassed regaidless of then lclative magnitudes Besides 
flexion of the members, lelaxations and extension weie also observed 
Veiy frequently the limb was actively thiust fouvard oi the tail 
was stiffened so that the maikeis made exclusions in directions oppo¬ 
site to those denoting flexions Such responses definitely involve 
different muscle systems and hence weie grouped apart from the 
flexions which resembled the unconditioned leaction more closely. 

Respnatory clianges were classified undei several headings. 

1. All sharp inspirations which weie of an amplitude at least 
three times that of the pievious bieathing pattern 

. 2 “^gulaE’ squealing or whispering, ic, the continued icpe- 
tition of the squeal pattern until the piescntation of the shock When 

not vocalized, the foiced inspiration could often be heaid as a 
whispei 

3 All othei modifications in iate, legulanty, etc. 

Simple squealing always occurs when a shock is administered, but 
it ails to be a good ciilcuon of conditioning because of the fact 
that it atte nds expiration lathei than inspnation At the shortei 

tnafs ° n,y tW ° anima,S dul thev appeai m 1,101 e than 20 per cent of the 
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intervals, an animal may icccive the shock before the conditioned 
inspiration is complete, Thus squealing coulil be of value only at 
the longci inteivak As a pait of the conditioned leaction, it will 
be discussed in a later portion of the papci, but it was impossible to 
quantify squealing as a measure for giaphical repicsentation Finally, 
since slight changes in the bilathing pattern might have been mere 
sensitizations of the original unconditioned reaction to buzz (which 
was extinguished on the fust day), the writers believe that the inci¬ 
dence of sudden inspirations of a given magnitude pi ovules one of 
the best measuics of conditioned respiration 
To avoid the difficulties of attempting to evaluate responses which 
were masked by struggling 01 squealing which began before the onset 
of the buzz, all such tuals, although contributing to the tiaming, 
were discarded in the final scoring. All the lccoids were read and 
giadcd at least twice. 

Methods and Results of the Main Experimental Group ( A ) 

The first experimental gtoup of 12 animals was tunned under 
"standard" conditions to detennine the relative effectiveness of the 
different intervals winch had been chosen. Two animals of the 
same age and stock, but not necess.mly the same littci, were used 
at each of the six chosen intervals, and for one member of each pan 
the short-circuiting contacts were mtioduced Thioughout the six 
sessions, the shock strength was kept at the constant level of 2 ma 
All factois except the length of the delay peuod and tile piescnce 
of the short-circuiting contacts were identical for evciy animal of 
the group. In older to throw some light upon the significance of 
the obseived differences between the “shoit-ciiciu't” and the “nen- 
shoit-cncuit” gioups and between the peifoimance displayed at one 
interval and at the next, four additional animals weic run as con¬ 
trols. One pair was trained at 1/3 sec., the othci at 2/3 sec The 
short-circuiting contacts were not used with these contiol animals. 

Because the curves of daily performance were chaiactcrized by 
marked irregularities and weie not very suggestive, the behavior 
of these 16 subjects was summarized in teims of tile paccntagcs 
of trials in which significant responses appeared. This percentage 
incidence was computed for the entire six-day tr,lining period, and 
again for the last three days The same trends aic to be observed 
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Me IWomwct of the ZdJm'mfs dunng the fast three Experimental Sessions 

Tiretn/afi Xutdtnts of Certain trespasses as a function of Detntf Tkrtod 




Each entry indicates the performance ef \ne animal 

Qrelts represent tftSC animals Holloa fty*r*3 — Standard iawrtf 

Squares nprestnt SC animals ji/irfSou/ra- ftoeUfiei Procedure 

jfrrosjj represent animats trained al 'ranaf/r'period of dr lay 


FIGURE I 
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in the two sets of data so piocmed. Since the icadet may piefei 
an account of the final level of pcifmmancc i.nliei than a measuie 
which masses all phases of the tiammg, the accompanying cliaits 
(Figmc 1) summarize the incidence of catfy icspomes in the ilnee 
concluding sessions In consideimg these data it is impoilant to 
bcai in mind that diffci cnees of 10 pci cent cones pond to two ic- 
sponscs per day Since, further, the cmves are dcimmmetl by the 
activity of single animals, the information on the contiol subjects 
is significant in icvealing how much of the bchavim disci epancies 
may be attnbuted to individual difteicnccs i.ithei than to expci i- 
mental variables 

In Graphs I thiough IV (Figuie 1) the average incidence of cot- 
tain icsponses is plotted as a function of the delay period The 
performance of each NoSC animal in the standard (/I) gioup is 
indicated bv a hollow circle, while hollow squares arc used foi 
Gioup A rats tiained with the shoi t-cucuilcd eontiacts To facili¬ 
tate compaiisons, the aveiagcs foi the animals in each senes have 
been joined by solid lines In geneial, the lcsultmg cuives suggest 
that better conditioning attends shot ter mlcivals of delay But it 
is necessary to examine the data in detail before definite conclusions 
may be drawn. 

Leg Wtiluhawals (Giaph I). The geneial level of conditioning 
as indicated by this i espouse was quite low. Only 2 of the 16 
animals (A3 and //13) made caily witluhawals in as many as 30 
pei cent of the tiials 2 Although these two were tiained at short 
intervals, 1/3 and 2/3 sec, respectively, too much emphasis cannot 
be placed upon their lecords Six othev animals tiained at the 
same delay peiiods exhibited conditioning comparable to that ob¬ 
tained at longer inteivals. These lesults ccitainly indicate that the 
difficulty in establishing a conditioned flexion icflex, as icpoited in 
this and eailiei papeis, cannot be attiibuted to the use of a short 
interval of delay a 


It should be noted that the use «f eaily icspom>es as an index of leg 
responses is especially unfavorable to the short intei vals The shock, coming 
within \ sec after the onset of the bu/7, masks any conditioned log re¬ 
actions of longei latency, 

Whenever identification of an animal is impoitant, Ins letter anti number 
lave been placed on the graphs. Other animals' lcsnlts are plotted but not 
numbered, to avoid confusion 
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All Leg Movements (Giaph II) If movements of active 01 
passive extension are added to those of flexion, and the resulting mcr- 
dences of all leg movements" aic plotted, the cuives aie somewhat 
highei than those lepresentmg flexions alone Thcie is a maiked 
rise throughout the long delay periods. It ,s believed, however, 
that this use is in pait an artifact. In the holdei employed, all 
animals made rather ficquent “spontaneous” postuial adjustments 
in the absence of obvious exteinal stimulation By sheer chance 
these movements would be more apt to appear during long delays 
than duiing shoit ones Thus, the increased incidence of these 
minor leg movements does not ind.cate g,cater effectiveness of the 
long penods as the graph would suggest 

Slimp ImfivatioHs (Graph III) Flora the solid-line curves in 

rapi III, n is cleai that, for Group A animals, the shoiter inter¬ 
vals were most effective foi conditioning “simp inspirations ” But 
because of the obseivcd individual difteiences between lats it is 
impossible to determine exactly the optimal inteival. With intervals 
ongei than 2/3 sec, conditioned inspirations made bv SC rats were 
definitely decreasing The curve for the NoSC animals, on the 
o ler hand, shows its first major drop at the 4-sec interval There 
is also some suggestion that the I/3-sec delay was inferior to 2/3 
sec Only one of tile 2/3-sec rats failed to surpass all four of 
the 1/3-sec animals As indicated in Footnote 2, a measure based 
upon ea,ly responses is an imfavoiable index of conditioning at the 
short intervals Had unrernforced "test” presentations of the buzz 
been used, t h e frequency of “sharp insp,rations” at inteivals Below 

/6 . sec might have been greater than that recorded by the present 
technique. 

AU Bicalking Changes (Graph IV) When one considers all 
modifications of the rate and form of b.eathing, the gradient of 
dTectiveness over the different delay penods ,s no longei apparent 
1 his is especially true for the NoSC animals of the A group These 
less specific breathing changes arc conditioned moie icadily than the 
more precise “sliaip inspit ations,” and with this general index the 
longer intervals appear fully as favorable to learning as do the 
ottiers. In the opinion of the writers, however, tins is not as 
significant a measure as that involving a sharp inspiration of meas¬ 
ured amplitude 
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Special Piioci'DURrs and Tiitir Risuus (Groups B, C, and D) 

The results on the main experimental group indicated that, as 
measured by the conditioned “sharp mspiiatum,” the sluntei delay 
periods were most effective It seemed desirable to make ccitam 
variations in training procedure to test this conclusion under other 
conditions Twelve more lats weie studied in tlitee groups of four 
each. On the graphs tlien results aie indicated bv solid symbols, 
in contrast to the hollow ones used foi the ”A“ animals 

Gioup B Tlic daily records of many of the animals in the 
standard group indicated a falling off in the amplitude of response 
as training was continued. This is a lathei common occurlence in 
experiments employing clectiic shock as a stimulus (10, 13) To 
counteract this decreased effectiveness, the shock was mcieased to 
3 ma. aftei trial 10 and again to .4 ma. aftci trial 15 on the second 
and thud experimental davs. Duiing the later days it was adjusted 
to 4 ma at the outset and maintained at that value throughout 
the rest of the training A second variation was lntinduccd in the 
use of fom or five isolated (9) or "pi inring” (5) shocks unaccom¬ 
panied by the buzz bcfoie each session Rats B\ and B2 were trained 
with the 2-sec delay, and B 3 and BA with one of 7 secs As usual, 
the even-numbercd lats wcic trained with shost-ciicuiting contacts, 
and the others without them 

As measured by leg withdrawals, the performance of the animals 
trained undei these conditions did not diffci matcitally from that 
of the "A" animals. One animal (iil) developed a consistent ex¬ 
tension of tlie foieleg as pait of a general tonic change. In icgard 
to “sharp inspirations,” the 2-sec animals (B 1 and B 2) conditioned 
to the same degree as the couesponding rats of the main group 
(A7 and A 8) But the animals tiaincd at the 7-sec. delay period 
(B3 and BA) showed a much higher incidence of slimp inspirations 
than did the comparable animals from the standard group (A 11 and 
A12). Much of this improvement was manifested during the eaily 
trials of each session and may be attributed to the “warming-up 
effect of the preliminary shocks (10). The significance of these 
results will be discussed latei. 

Gioup C This group was used to study the effects of changing 
the type of shock employed as the unconditioned stimulus It will 
be remembered that the stimulating appaintus described earlier sup- 
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plied a half-wave lectified alternating curient supposedly resulting 
in 60 shocks per sec For the present group, "67" a Harvard induc¬ 
tion coil was used. The primary was activated directlv (without 
interrupter) fiom a transformer. The resulting stimulating current 
presumably had a fairly sinusoidal foim and deliveied 120 shocks 
per sec, free fiom polarizing effects The induction coil separation 
was adjusted to produce responses of usual amplitude. Rats 671 and 
C2 were trained at the 1-sec delay, while rats 673 and 674 were 
trained at 4 sec With the exceptions noted, the animals were 
trained under the same conditions as were the lats of Group B 
The results with these rats were suipnsingly similai to those ob¬ 
tained from the animals in Group B except that C2 and 674 were 
very excited and showed frequent leg lclaxation At the short 
interval, Cl and C2 differed little fiom the corresponding lats of 
the standard gioup {AS and A6). But the rats trained at 4 sec. 
(C3 and C4) showed a much higher incidence of sharp inspirations 
than did A 9 and A 10 with which they are compared The change 
in the type of shock certainly had no effect upon the establishment of 
conditioned leg withdrawals. This result is in agreement with that 
previously reported by Scblosberg (10), so it is clear that the change 
to alternating current has no influence on the rate of conditioning 
For this reason the present data may be grouped with those from 
/(f ?, niraa * s t0 f l]rms h fuithei evidence that the procedures 
( pruning” and increasing shocks) which favor conditioned breath¬ 
ing are moie effective on the relatively unsatisfactoiy long delay in¬ 
tervals than they aie on the shorter ones 

Group D The fundamental purpose of this particulai experiment 
was to determine whether ox not a variable delay period would 
favor conditioning in the present situation. Each animal in Groups 
A> and C been trained with a constant, fixed interval between 
tile onsets of buzz and shock Liddell (5) has stated that training 
with a variable interval favois the appeaiance of eaily responses 
To test this question, two rats ( Dl and D2) wcie trained with the 
buzz starting 1/3 to 2 sec. before the shock, and two more ( D3 and 
m) with a 1- to 7-sec interval The delay penods were controlled 
by hand rather than by the timer and were presented in accoi dance 
with a prearranged "chance” schedule The aveiage of the short 
variable periods was 9 sec , and of the long variable 4 sec Rats 
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D\ and D2 were tinined undci shock conditions similai to the "A” 
gjoup, but D 3 and DA were shocked like the "B“ rats. 

In Graphs I tlnough IV (Figure 1), the results from the "D“ 
animals are plotted at the average value of the interval Their 
level of performance is represented by an aiiow or dumb-bell to sug¬ 
gest the viuublc nature of the interval. Because of the shock con¬ 
ditions the animals of the short vaiwble delay (D 1 and D2) should 
be compaied with rats of tire "A“ group (A5 and A 6) When 
tins is done it is evident that the short variable delay is no more 
effective than the cor responding fixed interval, The animals at 
the long variable period (D3 and D4) are compared with animals 
of the "B" or "G” groups Such a comparison shows that the long 
variable delay animals fall between B 3 and BA and betweecn Cl 
and CA with regaid to eaily sharp inspirations, One of the animals, 
DA, markedly suipassed all other animals trained with intervals 
longer than 2/3 sec. wdicn leg flexions are used .is the index of 
conditioning His rccoid might easily be attributed to individual 
variability, however, since his experimental mate, D 3, was below 
the level of comparable animals by the same index There is thus 
no clear evidence fiom these data that v a liable delay penotls arc 
more effective than are fixed intervals of similar duration This 
conclusion should be limited to the iat under the present experi¬ 
mental conditions and may not hold for animals higher in the phylo¬ 
genetic scale. 1 

General Results 

1. The Effectiveness of Vauons Inlet vah of Delay The results 
obtained fiom the animals of the mam cxpeiimcntal (A) group 
indicate that the intervals used are not all equally favorable Lo the 
establishment of conditioned sharp inspirations, Such inspirations 
furnished the most satisfactoiy index and demonstrated that the 4- 
and 7-sec delays arc clearly less effective for conditioning The 
exact shape of the gradient cannot be determined fiom the data 
available, but there is a suggestion that the decrease m effectiveness 
is fiist seen at the 2-scc inteival Conditioning (in terms of sharp 

‘further details of these experiments, including protocols foi each .urmial, 
may be found in the Master's thesis of the junioi author, on file in the 
Brown University Library 
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inspirations) was also less effective below 2/3 sec This fall may 
be appaient rather than real, since some caily responses may have 
been masked by the shock at the 1/3-sec delay period. The varia¬ 
tions in effectiveness as deteimined for the rats of the "A" gioup 
are in substantial agi cement with those obtained by Schlosberg for 
the human knee-jerk (8), Wolfle foi the hand withdrawal in man 
(12, 13), and by Yarborough (14) and by Warner (11) for the 
flight of lats fiom the ensuing shock If the conditioned stimulus 
had been a single stiokc of a bell, rathei than the continued sound¬ 
ing of the buzzci, the diminished effectiveness of the longer delay 
penods might be attributed to a waning of the effects of stimulation 
Tlius Hunter says 

one stimulus (conditioned ot unconditioned) must be suffi¬ 
ciently recent to fall within the range of the antecedent and 
subsequent gradients if it is to be connected with another stim¬ 
ulus (unconditioned or conditioned) by means of learning” 

(4, pp 310-311). 

But in the present situation the buzz lasts until the shock is pre¬ 
sented Therefore any gradient in effectiveness must occur dunng 
the actual duration of the buzz There is no reason to believe, 
however, that the buzz is an equally effective stimulus throughout 
its duration Indeed, psychologists have long recognized the waxing 
and waning (cf., rr Ankhngen" and ,r Abkltngen JJ ) of the experiences 
resulting from continuous stimulation If such waxing and waning 
of the effectiveness of the buzz may be assumed in the piesent situa¬ 
tion, the more extensive conditioning at the modeiatcly short inter¬ 
vals of delay is not surpiising It is simply another example of the 
familiar relationship between the strength of the conditioned stim¬ 
ulus and its effectiveness in establishing a conditioned response. 

2 Effect of Pi ehmina) y and Increasing Shocks. When condi¬ 
tions were modified bv the use of preliminaxy shocks and shocks of 
increasing intensity, the giadient in conditioned shaip inspuations 
disappeaicd The modified technique was much more effective than 
the standard one at the 4- and 7-sec intei vals, but yielded about 
the same level of conditioned inspuations as the stand aid method at 
the 1- and 2-sec delay penods This might be understood by con¬ 
sidering ihc level established bv the short delay penods to be near 
a “Physiological Limit” in tegaid to rcspiiatoiv changes Thus 
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there would be moie chance for the modified conditions to show 
their effectiveness at the long intei vals where conditioning was 
clearly below this limit But, if we consider otlici indices of con¬ 
ditioning, as the leg withdiawal, it is cleai that the animals of this 
experiment were well below the limits of conditioning described 
elsewhere (10). The changed shock conditions which mcieased the 
incidence of sharp inspiration did not modify the level of leg reactions 
A more pinmising approach may be made if we consider that the 
B> C, and similarly trained D animals were generally more excited, 
as indicated by intermittent squealing and struggling between trials, 
than were the animals of the standaid group. The excitement may 
very well have delayed the subsidence of the central effects of stimu¬ 
lation so that they were as strong near the end of tiie buzz as they 
had been at the beginning This statement does not imply any spe¬ 
cial view of cortical functioning, for continued central activity may 
be the result of circular reinforcement from the responses of muscles 
and glands. Indeed, continued widespread response to stimulation 
constitutes excitement as it is used here. If the effects of stimulation 
by the buz 7 , last longer under the changed conditions, it is easy 
to see why the long intervals would be as effective as the shorter 
ones The low record of B2 docs not fit this view. If 10 rats 
instead of 1 were represented by each point on the graphs, it might 
be possible through graphical analysis to infer a second process which 
became effective under the changed conditions for the 4- and 7-sec. 
delay intervals. But in view of the marked variability of the rats 
it seems preferable to avoid such an interpictation, and to adopt one 
which is less dependent upon single animals. The view that has 
been suggested above is reasonably consistent with the results ob¬ 
tained from 9 of the 10 rats trained under the modified procedure 
(Bl, B3, B4, Cl, C2, C3, £74-, D'3, X>4). It may, therefore, be 
accepted in a very tentative fashion subject to later verification. 

3. Effects of the Short-Circuiting Contacts In the first major 
paper of this senes (9), Schlosberg reported that the inclusion of 
contacts so arranged that the shock was terminated or pi evented by 
the tarl withdrawal did not increase the degree of conditioning. Simi¬ 
lar results with the leg withdrawal were presented in the second 
publication (10). In each paper, mention was made of the fact 
that this finding was not what one might expect from the “law of 
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effect ” The animals did not learn more rapidly in the situation 
in which “success" in avoiding the shock was possible It was thought 
cleshable to obtain furthei data on this question with respect to 
vaiying penods of delay and so the animals, with the exception of 
the four controls, were all trained in pairs. The odd-numbered 
animals received a shock of fixed duration (1/3 sec), while the 
even-numbered animals terminated each shock if they withdrew 
their legs and maintained the flexion until the termination of the 
buzz. 

A review of the graph which presents the data on leg withdrawals 
or flexion indicates that six of the SC animals made these responses 
more frequently and six made them less fiequcntly than then NoSC 
mates The average incidence of this reaction for the NoSC group 
was 14 pei cent and foi the SC group 13 pei cent But, in these 
withchawals, the SC animals rarely avoided the shock, even though 
it was tlicoi etically possible An examination of the kymograph 
lecords showed that no animal made the sustained contraction 
necessaiy for avoidance of the shock in more than thiee of the 125- 
150 trials In some cases there were more than this number of 
accidental omissions of the shock Since the “successful” with¬ 
drawal was so infrequent, the law of effect is inapplicable to the 
behavior of the animals reported in this study 

When SC and NoSC animals aie compared on the basis of sharp 
inspirations, the NoSC technique seems to be more effective. In the 
12 pans, only fom of the SC animals suipassed their mates and this 
was by a small maigin in each case The average incidence of sharp 
inspirations in the 12 NoSC animals was 78 per cent, that for the 
SC group, 59 pei cent It is cleat then that the use of the SC 
contacts makes for a less consistent conditioned sharp inspiration. 
This lesult might have been expected since the leg reaction in this 
situation shortened the shock duration to about .1 sec. The SC 
animals leceived a shock which lasted only a third as long as that 
delivered to the NoSC rats and in consequence did not condition as 
readily The differences in this study are more marked than those 
reported previously by Schlosberg, hugely because the shock of fixed 
duiation was 1/3 sec in the piesent studies as conti as ted with 1/6 
sec. in the earlier studies. In the behavior of the animals, the dif¬ 
ference between 1/3 and 1/10 shows up more cleaily than that be- 
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tween 1/6 and 1/10, The longer shuck, thiough summation of its 
elements, has a stiongei effect on t!ie animal and brings more exten¬ 
sive conditioning. 

4 Tike Neitwe and Development of the Responses. In the foic- 
gomg sections most attention has been directed to leg withdrawals 
and shaip inspirations, the two responses that furnished the best 
indices of conditioning In this section, all of the responses will be 
consul ctcd in an attempt to fonn some impicssion of then nature, 
The first feature of the response to appear was usually the breath¬ 
ing lesponse. It began as a minor inegulaiity in tlic icspnatory 
pattern and was soon displaced by the shaip inspuation, usually ac¬ 
companied by a squeal With some of the animals, this squeal even¬ 
tually became the first of a series of squeals which continued through¬ 
out the entire period of delay While the breathing reaction was 
developing, many of the rats also developed a conditioned tail re¬ 
sponse, gcneially consisting of a stiffening iathci than a flailing of 
this member Leg icactiom weic the last to appc.ii and often con¬ 
sisted largely of relaxations or extensions rather than of specific 
flexions The withdrawals which dul occur wcie most fsequent in 
the early sessions, occurring as part of a struggle oi star tie response. 
It may be seen that these responses are all diffuse, iathci than specific, 
and that the least precise ones developed fust, The opposite of this 
order was observed during extinction series, Seven animals {A$, 
4, 9, 10, 11, 12, 13) were subjected to a seiics of uni cm forced buzzes 
at the conclusion of the sixth training session, The conditioned stim¬ 
uli were of their usual dillation for each animal and weie separated 
by 30-sec. intervals One lat (A 3) showed no decrement whatso¬ 
ever aftci 25 stimulations. The other six showed a piogtcssive 
weakening of the breathing response and ,i falling-out of the skeletal 
reactions until the conditioned response was almost completely elimi¬ 
nated by the 25th or 30tdi unteuifarced presentation. Two of the 
animals gave more responses during the extinction senes than they 
had during the regular tiaining. This increased activity, however, 
was short-lived and did not refute the geneial statement that the 
least specific reaction, the first to appear in learning, was the last to 
be extinguished 

The most specific of the responses to shock, the leg withdrawal, 
did not become conditioned to any appieciable extent in the six ex- 
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penmental sessions. In gencial, the animals' behavior was typical 
o tie caily stages of the conditioned reactions as obseived in 
uglier animals (as dogs) Ccitain of the lesponscs weie intimately 
related to excitement Of the 28 animals employed, the 7 most 
excited, as judged by the frequency of squealing and smuggling be¬ 
tween trials, weie among the 10 animals which made most frequent 
, ieactIons Sim daily, six of these seven excited animals weie 

included in the gioup which demonstiated “regular squealing” dur¬ 
ing the sounding of the buzzei As noted above, much of the im¬ 
provement attending the use of pielimmaiy and increasing shocks 

may be attributed to the greater excitement induced by these condi¬ 
tions 

Additional evidence of the non-specific natu.e of the conditioning 
and its ielation to excitement is seen in ma.ked generalization on the 
stimulus side Tactual stimulation on the back oi legs of the animal 
invariably iclcased typical inspirations, squeals, and smuggling in 
winch the leg and tail paitic.pated Weaker st.muli, such as tapping 
on the table, often elicited squealing 

Still another indication of the unstable level of conditioning was 
the rare development of a patterned reaction, that is, a response in 
which any one breathing change was consistently accompanied by the 
same leg and tail reactions from tiul to trial Only three animals 
Is 1, and D3) exhibited such patterned behavior 
Finally, although the temporal featmes of the situation made it 
one of the “delayed reflex” type, genuine delayed responses were al¬ 
most nevei obseived The conditioned leaction typically began 
immediately after the onset of the buzz and was not related in its 
time of appeal ance to the actual delay penod 
These results, all showing that conditioning never developed 
beyond a relatively early stage, are quite in keeping with those pre¬ 
viously rcpoi ted by Schlosbeig (10) Conditioning processes some¬ 
what further in these zats than Liddell reports fo. rabbits trained 
under comparable conditions, but not neaily so fat as in Liddell’s 
sheep pigs, or goats (5) In experiments wheie rats are allowed to 
run from shock (1, 3, 11) much more rapid and specific learning 
occurs The difference would seem to be in the combination of 
shock and restraint. These conditions produce in the rat a state 
of excitement which is not conducive to the development of precise 
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responses Schlosbcrg has suggested a sitnilai interpretation in an 
earlier paper (10), and the tesults of the piesent experiment support 
this view hi every way. 

Considering the senes of papers as a whole, it may be seen that 
many expciimental factors have been vancd but no set of conditions 
has yet been found under which a specific withdrawal of the rat's 
foreleg may be consistently elicited by a new stimulus (light or buzz) 
associated during tiaming with the shock It now seems clear that 
the general situation is unfavorable for such conditioning with the 
white rat 

Summary and Conclusions 

1, Twenty-eight lats were tiaincd in a simple "delayed lcflcx” 
type of conditioning situation in which a buzz was followed by an 
electric shock to the light foreleg Six sessions of 20 tnals each 
composed the tiaining penod 

2, Each animal was trained at one of eight periods of delay (1/3 
sec,, 2/3 sec, 1 see, 2 see,, 4 sec, 7 sec, shoit variable, and long 
variable) 

3, Undei “standard” conditions, the 2/3- and 1-scc intervals 
were more favorable to the development of conditioned shaip inspira¬ 
tions than weie the longci delay periods. This result is attributed to 
a waning in effectiveness of the buzz as it continued ovci a penod 
of several seconds 

4 Under modified (“strongci”) shock conditions, theie was no 
cleai gradient of the effectiveness for the scveial intervals, as meas¬ 
ured by the same index Such shock conditions led to excitement 
which apparently delayed the waning in effectiveness of the buzz. 

5 The ficquenev of conditioned leg flexions was veiy low un¬ 
der all conditions Variable delay periods weie no moie effective 
than were fixed ones in eliciting this reaction. 

6. Due to the infrequency of withdrawals which resulted m the 
complete avoidance of the shock, the law of effect is inapplicable to 
the leg withdrawal reported in this paper But the caily teimination 
of the shock by leg withdiawal diminished its effectiveness in es¬ 
tablishing conditioned breathing reactions. 

7. Breathing, tail, and leg reaction developed m the order named, 
and fell out m reverse order during extinction. 
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8. The lesults of this and of earlier papers indicate that the 
white iat, when lestrained and shocked, can readily develop diffuse 
responses Mote specific reactions, as leg withdrawals, are rarely 
acquired 
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REACTION-TIME APPARATUS* 

Brown Uinvet sity 


Harold Sciilosrerg 


n recent years a rather large number of new chionoscopcs have 
been developed. Those who developed the new instruments have 
usually presented some data on their accuracy and constancy, but 
1 datively little information is available in regard to the way these 
instruments actually perform in the hands of other expenmenteis, 
Dunlap (3) has reported such data on a number of chionometnc 
devices, but he did not test the recent stop-clocks (1), the vacuum 
tube chronometer (4) or the oldei and excellent Delabarie Syn¬ 
chronous Motor Chronograph (2) Fuithei, Ins icsults on his own 
instrument weie obtained from earlier models, rathci than fiom the 
more recent Stoelting instruments Dallenbach’s (1) ieport on the 
stop-clocks does not piesent data in icgard to the absolute eiror of 
these convenient instruments, but merely indicates then vailability 
To fill in these gaps, the present writer tested nine instiuments of 
seven diffeient types, using constant intervals, and comparable con¬ 
ditions for each instrument. The lesults of these tests arc pie- 
sented in the present paper 

To furnish the constant intei vals, a simple giavity timer was 
constructed To adapt this timer to ceitain of the instiuments it 
was necessary to devise a balanced lelav Both timei and relay will 
be dcscnbed befoie the tests on the chronoscopes are piesentcd. In 
passing, it should be noted that the balanced relay makes it possible 
to use the wall model of the stop-clock as a demonstiation mstiu- 
meat, in conjunction with any or all of the Dunlap equipment 

A Simple Gravity Timer 

No attempt will be made here to discuss in detail the advan¬ 
tages and disadvantages of various devices foi obtaining fixed mtei- 
vals of time The auangement to he desenbed has the advantage 
of simplicity of constiuction, and is leasonably constant It consists 

*Received in the Editorial Office on April 24, 1936 
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essentially of a weight which falls along a loosely-fitted biass rod 
and briefly interrupts several contacts as it passes them. Details of 
its construction may be obtained from Figme 1. This figure also 

GRAVITY TIMER 

smr FRONT 
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shows the balanced lelay and connections appiopnate for the con¬ 
trol of the stop-clock. The metei stick shown on the timer may 
be used as a scale for detci mining the dimensions of the various 
parts A cuive (based on g = 980 cm / see 2 ) was constructed, 
and the contacts were placed at the following distances and (theo¬ 
retical) temporal intervals fiom the staiting-point • No 1 at 4 9 
cm or 1 sec., No. 2 at 44 1 cm. oi 3 sec , No 3 at 78 4 cm oi 
.4 sec. With this anangement the weight already had considerable 
velocity before it hit contact No. 1, so that a vanation of 1 mm. 
in the placement of this contact would intioduce an erroi of only 
1 ms. A similar displacement of contacts 2 oi 3 would cause errors 
of 1/3 ms oi of 1/4 ms., respectively. Contacts could be placed 
within 1 mm of the calculated position, and did not vaiy with 
use Additional enors were introduced by the resistances of the 
contacts, and by friction between, the haid-iubbei bushing of the 
weight and the polished brass lod It was necessaiy to detci mine 
the magnitude of these errors before the instrument could be 
used. This was done with the Delabarre Synchronous Motor 
Chronograph (2), which will be described below The inteival 
between contacts 1 and 2 was found to be 308.7 ms , instead of 
300 ms, and the shoiter interval between contacts 2 and 3 meas¬ 
ured 102 05 ms., instead of 100 ms The vai lability of the timer 
could not be determined by the chronograph Results with the 
Dunlap Chronoscope (to be presented below) indicated that the 
mean variation of the shortei interval was less than 5 ms , and of 
the longer interval, not more than 1 ms In summaiy, the shoit 
interval may be taken as 102 ± 5 ms., and the longer one as 
308,7 ± 1 ms. 


The Balanced Relay 

As indicated in the Introduction, this lelay was built to convert 
the break-break of two different cncuits, as used with the Dunlap 
Reaction Board, into a closing and opening of the circuit through 
the clutch of the stop-clock In practice it was found veiy useful 
in testing other instruments which employ a make-break of the con¬ 
trolling circuit A combination of the relav and the gravity timer 
described above made it possible to test every time-measuring 
instrument in the laboratoiy 
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The relay and its connections aie shown in Finnic 1 It is simply 
an inexpensive iclay (Novel Form Ponv Relay, J II Bunnell & 
Co, N. Y.) to which lias been added ,i second pan of coils, in 
place of the spnng. To msuie an adequate match, the additional 
pair of coils was taken from anothci relay of simihu design When 
the circuit through magnet A is hue fly mtcriupted, the m mature 
moves to one side, closing the sccondai v cucuit 'Tins movement 
introduces a latency of 7-9 ms When the cucuit thiough coil B 
is broken, the armatuic returns, opening the contacts with no 
apparent latency Thus, the relay decreases the actual mtcival by 
approximately 8 ms., depending slightly on the distance the aima¬ 
ture is free to move. These chaiactcnstics wcic measuied by re¬ 
cording the changes in the vanous cncuits, togcthei ruth a 120- 
cycle time line 1 on a lapidly moving kymograph drum. 'Fhe iclay 
has wo iked consistently foi several thousand leadings, and has been 
used with Dunlap Voice Keys, as well as with the tinici When 
the lelay is to be used with the Dunlap Reaction Itaaid, the two 
magnets should be connected in place of the chionoscopc magnets. 
If it is desirable to keep the Dunlap Chionoscopc in the ciicuit, 
chronoscope and jelny magnets may be connected in pa i all cl. Since 
there aie other resistances in the cncuits, the icsistanccs of the 
relay coils should be high enough so that they will not shunt too 
much current from the chionoscopc coils, The magnets of the 
Dunlap Chronoscope dcscubcd below weic found to have a lesist- 
ance of about 7 ohms With 20 ohm cods in the relay, the Dunlap 
Chronoscope woiked in a normal fashion, if the hattciv was fully 
charged. In passing, it should be pointed out that in the tests to 
be desenbed below, m which the giavity timev was employed, the 
resistances of the vanous instruments wcie not paiticulaily signifi¬ 
cant, for they weic all large m comparison to those of the timing 
contacts and leads. 

The Delabarre Synchronous Motor Chronograph 

This instrument was described by Piofcssoi Delabane (2) 14 
years before Dunlap first described his instillment It employs a 

The time line was produced by the timed vibiatoi desenbed by tlic pres- 
ent writer (S). It is no larger than a standard marker Compute Dunlap’s 
comment on a similar instrument (3, p 7), 
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kymograph drum, dnven by a synchronous motor at the rate of one 
revolution in two seconds The length of the interval to be meas¬ 
ured is determined by measuring the length of a line drawn on the 
smoked surface by a marker For simple auditory reactions the 
stimulus is furnished by the click of a wooden point as it falls on 
the writing surface The response is the depression of a lever which 
directly lifts the writing point from the paper Assuming the 
alternations of the controlled AC to be accurate, 2 there would 
seem to be no possibility of a constant error in this measurement 
For recoiding other types of stimuli and lcsponscs, a light electric 
marker is used The armature of this maikcr is mounted so that 
breaking the circuit through the coils permits the point to leave 
the papei, to which it returns after the cncuit is reestablished The 
break in the rccoided line is much clearer than the more usual lateral 
deflection, for the tension of the writing point on the smoked sur¬ 
face gives it an initial acceleration, instead of retaiding its move¬ 
ment 


TABLE 1 

Summary of the Data Obtained from Five Chronomftric Devices 
Ench entry is computed from a group of 10 successive readings 


Delabnrre Hipp Dunlap Pendulom S E, T, Co 


Trials 

Chronograph 
Av MV 

Chro no scope 
Av MV 

Chronoscope Chronascope* 
Av MV Av, M V 

Stop-clock' 1 
Av MV 



A 

At the short interval (102 ms ) 




1-10 

102 3 

1 20 

102 1 

1 54 

991 

1 12 

126 0 

2 90 

103 2 

1 8 

11-20 

102 6 

88 

101 8 

88 

97 4 

72 

122 9 

2 50 

107 1 

3 52 

21-30 

101,8 

48 

101 3 

76 

96 4 

56 

122 1 

1 52 

111 0 

3 0 

31-40 

101 5 

.80 

too & 

1.04 

97 3 

70 

123 6 

l 00 

108 3 

3 62 

Average 

102 1 

84 

101 5 

106 

97 5 

78 

123 7 

1 48 

107,4 

2 99 



D 

At the long 

interval (309 ms ) 




1-10 

309 3 

2 10 

303 6 

2 08 

302 6 

88 

309 7 

1 30 

323 1 

4,88 

11-20 

309 2 

1 80 

302 6 

2 48 

301 5 

1 30 

307 1 

1 48 

318 0 

3 60 

21-30 

308 5 

1 50 

304 1 

I 72 

302 + 

1,36 

309 6 

1 68 

314 9 

2 48 

31-40 

307 6 

2 32 

299.7 

1.57 

300 5 

70 

30+7 

2 36 

3123 

3 96 

41-50 



304 0 

1 60 

301 8 

1 12 

310 5 

2 60 

315 6 

2 88 

Average 

308 7 

1 93 

302 8 

189 

301 8 

1 07 

308 3 

1 88 

3168 

3 56 


•These readings would have been 8 ms greater if the relay had not 
been used 


S A member of the Engineering Department of Brown University estimates 
their accuracy to be better than 1 per cent 
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For measuring the rntcivals produced bv the gravity timer, all 
three pairs of contacts were connected in series thiough the marker 
and a single storage cell As the weight passed each contact the 
wilting point left the smoked suiface foi «a bncf lime (20-40 ms), 
so that a single lecord would show a line with thiec breaks m it 
Foity such lecords were taken, and the distances between breaks 
1-3 and 2-3 were measuied. The avciagc of these measurements 
(Table 1) showed the long interval (contacts 1-3) to be 308,7 ms 
in duration A similar average for the short mtcival (contacts 2-3) 
was 102 05 ms Since the diunr was turning at constant speed, and 
since measurements weic made from break to bieak of the same 
marker, theic would seem to be no possibility of a constant eiror 
m these aveiagcs. Fuithei, the lesults aic clearly what might be 
oxpected, for they show that friction between the falling weight 
and its guide rod dccicased the speed of fall by appiovimatcly 2 
per cent. Cuiiouslv, a change of this magnitude had been predicted 
by a trained physicist who had seen the giavrty timer before it was 
tested 

The variability of the leadings was moic pronounced The mean 
variation foi the shorter interval was ,84 ms, and for the longer 
one, 1,9 ms. These eriois are less than 1 pei cent of the intervals 
measured, and aic due largely to enois of intcipolation m leading 
the records, The measurements weic made on a scale on winch 
10 ms =1/8 inch, Such variability is not a serious disadvantage 
for most psychological studies, and is nroic than counterbalanced 
by the absence of a constant erioi. In fact, this chionogiaph is the 
only one of those tested that the wiitcr would trust without frequent 
calibration, if any precision was desued. The slight inconvenience 
involved m preparing the drum can undoubtedly be decieased bv the 
use of different recording suifaces, and the tiouble of measuring 
the records is scarcely greater than that involved in subtiacting suc¬ 
cessive readings of the Hipp One of the major advantages of the 
chronograph lies in ceitain ingenious airangemcnts which make it 
possible for a person to measure his own auditory ieaction-times 
without the aid of another person, In shoit, this lathei neglected 
instrument has many dcsnable features 
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The Standard Electric Time Company’s SW 61 

This instiument was tested simultaneously with three others 
(Dunlap, Hipp, and Pendulum) so that the results, as presented in 
Table 1, aie stiictly compilable for all four instruments The re¬ 
maining instiuments used in this study were tested separately, since 
it was not possible to wnc them all into the same cucuit 

The synchlonous motor of the wall model of the electiic stop- 
clock was connected to the legulated lighting cucuit The clutch 
was connected to a well-charged 6-volt storage batteiy, thiough the 
contacts of the balanced relay, as shown in Figuie 1 Foity lead¬ 
ings were taken at the shoit mteival, and 50 at the longer one 
The dial of the clock is divided into .01-sec. intervals, but the posi¬ 
tion of the hand was estimated and recorded in 001 sec. The aver¬ 
ages and mean valuations of successive gioups of 10 leadings are 
presented in Table 1. For the short inteival (102 ms ), the avciage 
of the means was 107 4 ms, and of the mean vacations, 2 99 ms 
The range was 98-118 ms. Foi the long inteival (309 ms) the 
average of the means was 316 8 ms, and of the mean variations, 
3 56 ms., while the range was 304-320 ms At least 2 5 ms of the 
variability must be attnbuted to the clock This value compares 
favoiably with one of 4 ms reported foi a similar instrument by 
Dallenbach (1) The constant error of 8 ms for the long interval 
and of 5 ms foi the shoit one represents the ovci-all efficiency of 
clock and lelay As noted above, the relay had a latency of 8 ms , 
so if the clock had been used without the lelay its eiror would have 
been approximately -j-15 ins This constant cuor is due to the 
clutch mechanism in which an electromagnet is opposed by a spring 
Fiuthcr, the eiror might be expected to be diffeient foi different 
clocks, or foi the same clock under diffeient conditions of cuncnt, 
tempeiatuic, and age The enor is a teinunal one, and would not 
tnciease with the length of the inteival mcasuicd It can be elim¬ 
inated by removing the back and tightening the spung which op¬ 
poses the magnet, but peihaps a simple substiaction of 15 ms (or 7 
ms. when the lelay was used) would be more convenient 

The stop-clock is an extiemely convenient instrument It may 
be reset by piessing a remote-control button As Dallenbach has 
indicated, the hand docs not always return to zeio, but with the 
particular instrument leported here the leset is always complete 
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if the button Is depiesscd foi a full second. The motor may run 
at half speed foi a few minutes on <i cold day, but it soon warms 
up and runs at correct speed This may be due to the fact that 
the Telechron motor is mounted on its side, causing mooned fric¬ 
tion The clock is constant enough foi oidiiwiy class wot k, and is 
particularly valuable foi laige demonstrations, because of its 10-inch 
dial Demonstrations of reaction-time measurement have been dif¬ 
ficult in the past, foi they necessitated a specially-built instiumcnt, 
such as Wundt's (6) With the stop-clock and balanced lelay 
such demonstrations aie simple and inexpensive, 3 

A small model [SI) with A,C. clutch and a dial leading to 1/300 
sec was tried out It was quite vaiiablc and hard to lead The 
later SCI described by Dallenbach (1) seems to he moie constant 
The latest model has a moie convenient dial, leading to ,01 sec,, 
and is probably moie constant than the wall model. 

Tiie Dunlap Cii iio no scour 

The instrument tested was one of Stocking's Type C, purchased 
in 1927, and modified at a later date to read in ms when used with 
lectificd A.C It has had fairly heavy inlcimittent use since its 
purchase, and has been ovcihauled by the Stocking Co on one oc¬ 
casion, When it was repaired, a felt washer was added to the shaft, 
in an attempt to keep oil out of the clutch plate 

The average of the first 10 leadings at the short uUcival was 
97 ± 52 ms. The thud group of leadings gave an average of 
90 7 ± 2,36 ms. Previous experience had indicated that this type 
of change was caused bv oil on the clutch So, despite the fact that 
the clutch had been cleaned on the previous dav, the chionoscope 
was taken completely apart and cleaned Dunlap (3) has sug¬ 
gested the occasional insertion of a piece of paper between the plates, 
but this piocedure is difficult with this paiticulai model, and does 
not give very lasting improvement The chronoscope was then put 


3 Veiy effective voice keys, similar to Dunlap's, may be made jalhcr 
easily if cellophane is used foi the membranes A pair of extra voice keys 
makes it possible to use the clock as an additional instillment when an 
experimental group is studying association-tune, As n matter of fart, voice 
keys are probably no more accurate than lip keys, oi even hand keys, for 
such purposes 
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back into operation, and the results included in Table 1 weie ob- 
tained They leprcsent the petfoimance of tins particular instru¬ 
ment under optimal conditions. For the short interval the mean of 
the foui averages was 97 52 ms rb 78 ms. For the long interval 
a coriespondmg aveiage was 301 8 ms ± 1 07 ms. Most of the 
vailability mav be attubuted to the timci But theie seemed to be a 
constant erioi of approximately 5 ms In view of Dunlap’s state¬ 
ment (3) that “piopeily adjusted and connected, the instrument 
shows no error,” it seemed dcsuable to find the source of erioi. It 
could hardly he attubuted to the giavity timci, for fuction or con¬ 
tact lcsistance cannot make the weight fall fasiei than 980 cm/sec. 2 
The three souices of enor that Dunlap suggested in the same paper 
were also checked, with the following lesults 

1 U>ibalanced Cue nits An]' lack of balance must have been 
in the instiument itself, for the lesistance of contacts and wiring 
were insignificant The resistances of the coils of the instrument 
weie tested and found to be essentially equal 

2 Oil on the Clutch The whole motor had just been cleaned, 
and no additional od was added to the front beaiing. Hence, no 
oil could reach the clutch This difficulty is a scuous one, and 
makes the chionoscope unreliable if more than an annual diop of oil 
is used on the front bearing 

3 Wear on the Fiont Beat mg Dunlap’s test was hard to 
apply on this instiument, because of the additional gcaung But this 
tiouble seems the most hkelv cause of euor, for the variability of 
the instiument was much greatei if tile hand was not icset aftei 
each reading Apparently the initial point fiom which the hand 
staits has an effect on the opciation of the clock 

4 An Additional Somce of Enoi . Not mentioned by Dun¬ 
lap, it may be introduced by the play in the additional gearing made 
necessary by the change m the dial noted above The hand could be 
moved through 4 ms when the foiward magnet was holding the 
clutch plate on the biake Foi all the leadings picsented in this 
paper, the hand had been leset by a backwaid movement (decieas¬ 
ing readings) foi it always stopped with the play taken up in this 
direction If this piecaution had not been taken, the variability 
would have been much gi eater 

But, whatever the cause of the enois, it is cleat that this par- 
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ticular instrument was giving values some 5 ms shoitci than the 
actual durations of the test mteiv.ils, even when operated with 
great care As the instrument is .apt to he used m a l.ihoiatory for 
routine measuiement, it yielded veiy inaccuiatc results This state¬ 
ment should not be intcipietcd as a uiticism of the punciplc of the 
Dunlap Chionoscope, but only of one sample of this paiticular 
model. Fuithei, when the instalment is used with the icaction 
board, the erroi may he much greater than when tested alone. The 
interval between the presentation of the stimulus and the stalling 
of the chronoscope depends upon the speed with which the com¬ 
pound key is depressed. 

The IIipp Chronoscopy 

Tile lccord of this instiument (Pcyei, Favaigci “Newci form”) 
will be piesentcd largely foi compaiative pm poses Before it was 
tested at the shoit intervals it was arianged foi opciation with bal¬ 
anced magnets, and connected in paiallcl with the Dunlap, Several 
runs of 60 see. each showed that the Hipp was i mining between 
1 pel cent and 2 per cent slower than the Dunlap. At long inter¬ 
vals sucli as these, small terminal etrois aie of no consequence, so 
it was cleai that the reed of the Hipp was vibrating too slowly. 
An attempt was made to correct this erioi by adjusting the damper 
on the reed, but it met with indifferent success. It is probably moie 
simple to make a numerical correction for tins erroi, as Titchencr 
has suggested (6). The instrument was then tested on the two 
fived intervals. By lefeirmg to the results (Table 1), it may he 
seen that the short interval gave an average leading of 101 5 dc 1 06 
ms, and that similar figures for the long pound weie 302 8 ± 
1.89 ms These figures suggest a slight tciminal erroi of 1 oi 2 
ms, in addition to the lunning enoi of 1 or 2 pci cent If collec¬ 
tion is made foi the tunning cnoi, the Hipp is probably slightly 
more accuiate, but also more variable than the Dunlap Much of 
the variability is to be attributed to the escapement, foi similar 
variability was noted during the 60-sec. tests Furthermore, m 
spite of great care in starting the motor, it will occasionally run at 
half speed without any change m its sound. One sucli leading was 
obtained in the senes recorded, but has been omitted from the 
averages. But, in spite of these disadvantages, the instrument is 
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far from obsolete. If the picscnt wntei weic buying a new clnono- 
scope for its utility, he would piobably not choose a Hipp But, 
on the othei hand, he would hesitate to discaid one be already had 
m place of a moie recent instrument 

The Pendulum Chronoscope 

The fiist instiument was purchased fiom Willyoung (Philadel¬ 
phia) many ycais ago It is calibrated in 01 sec Fiom the 
results piescnted in Table 1 it may be seen that its variability is 
about the same as that of the Hipp The absolute value of the 
readings is essentially coircct at the long inteival, but 25 ms too 
high at the shoit one The speed of the pendulum may be changed 
by moving the countei-weight, but such modification would change 
only the point at winch the leadings wcie coriect, unless the scale 
could be moved This cannot be done The instrument can piob¬ 
ably be adjusted so that a coriaction factor in sigma can be deter¬ 
mined For routine work the pendulum clnonoscope is very con¬ 
venient. Its chief disadvantage lies in the coaiseness of the scale, 
particularly at the ends 

A second model of this instrument (Leeds) makes one swing 
in 2 sec , instead of in one Since the intervals available on the 
timei were too shoit foi this lange, the pendulum chronoscope was 
attached to the Dunlap, through the balanced relay, and tested. 
The readings will not be reproduced, for they cannot he treated 
in a mannei compaiable with that used foi the otheis. Foi inter¬ 
vals of 1600-2000 ms the pendulum was m substantial agicement 
with the Dunlap, but lead 20 ms too high mound 300 ms The 
comments that weic made in the preceding paragraph may be ap¬ 
plied to this model. 

The Cenco Impulse Counter 

Two early models of this instalment were purchased in 1931. 
They have been returned to the factoiy foi repair at fairly fre¬ 
quent intervals, for they get out of adjustment lathei tapidly when 
used at 60 cycles (120 impulses pei second) Neither instrument 
had been used since the Inst trip to the factory Each one was con¬ 
nected to the timer thiough the balanced iclay, and tested at vari¬ 
ous voltages supplied bv a toy transformer. The first instrument 
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gave 10 successive leadings of 36/120 see, for the 300 7-ms inter¬ 
val, when operated at 16 volts At 18 volts 2 of 10 readings were 
1/120 sec too long. At 21 volts the instrument skipped badly, 
and failed completely at 24 volts. The countei was then tested 
on the otlici side of the optimal voltage. Out of 10 leadings at 14 
volts, one was a scale division too long, and another a unit too shoit, 
Similar results weic obtained at 12 volts, but below this value 
the instrument again skipped and stopped On the 97-ms interval, 
at 16 volts the readings alternated between 11/120 and 12/120, 
with an average of 97 ms Thus, at its best voltage this counter 
was accurate beyond one scale unit 

The second of these two instillments was moie vaiiahlc At 14, 
16, and 18 volts the readings for the 300-ms interval vaiicd between 
35 and 37 units, but the avciage of 10 leadings was within 1 or 2 
ms of the true value of the interval At 21 volts the average 
jumped to 340 ms., and at 23 volts the countei sta\ ted to skip badly 
At 12 volts the average of the readings diopped to 290 ms, and at 
10 volts the instrument stopped completely The avci.igc of 10 
readings at 14 volts toi the 94-ms, interval was collect, but the 
individual leadings vaiied between II and 11 scale units, 

These icsults aie m agreement with those of Dunlap (3) m indi¬ 
cating that there is variation from instalment to instalment. If 
the counters arc in good condition, and used at the optimum voltage 
foi each individual mstiument, they are satisfactory for rough 
reaction-time studies. Hut they become vciy ciratic aftei model ate 
use at 120 impulses pet sec., and must be ictuined to the factoiy, 
The manufacturers claim that this is not true of the latei models, 
But it would seem advisable to check these counters fiequcntly 
whenever they aie used for reaction studies 

Vacuum Tube Chronomltlr 

The instrument tested is the oaginal one described by Jasper and 
Andrews (4) The successive opening of two cncuits icsults in a 
deflection of the needle of a zeio-centei mictoammctci By lcfcr- 
ence to the published calibration cuives the deflections can lie con¬ 
verted to temporal units By turning a switch anv one of five 
different sensitivities is available. At the gientcst sensitivity the 
50-unit half-scale of the meter is covered in 5 ms, while at the low- 
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est sensitivity the same range corresponds to 5000 ms To test the 
chronometer with the gravity timer, it was necessary to modify the 
contacts so that they would stay open aftei the weight had passed 
Thcrefoic, small stups of celluloid were ai ranged so that they 
would slip between the contact points as soon as they opened and 
hold them separated 

Twenty readings were taken at the 102-ins interval, with the 
chronometer set at sensitivity 3 (range = 105 ms ) Ten leadings 
taken with the needle swinging to the light of the zero point aver¬ 
aged 48 4 scale units, and a similar numbei to the left avemged 49,2 
units. The average of these 20 readings was 48 8 units, which cor- 
lesponded to 100 ms, indicating an enor of —2 ms It should be 
noted that the enor is onlj' one-half a scale division (The 50-unit 
scale lias 25 divisions, each one indicating 2 microamps ) Only one 
of the 20 readings was as much as one scale division fiom the aver¬ 
age 

The instrument was then set to sensitivity 4 (lange = 500 ms ) 
At the 102-ms. mteival the aveiage of 20 leadings was 13.4, corics- 
ponding to 96 ms, with an eiror of —6 per cent No reading 
varied from this aveiage by more than one-half a scale division 
At the 309-ms interval the average of 20 leadings was 35 85 scale 
units, or 295 ms., showing an enor of —5 pei cent Eighteen 
of the 20 readings weiq 36 units The contacts weie then lcvcised, 
and six leadings taken at each of the inteivals Undei these con¬ 
ditions different calibration curves are used The errors were 
almost identical with those noted above 

In summary, the instrument showed an enor of —2 pei cent at 
sensitivity 3, and one of —5 pci cent at sensitivity 4. It had not 
been, calibrated for the yeai preceding these tests, and had been used 
extensively dui mg this pcuod Fuithci, one lcsistoi had been re¬ 
placed without cahbiation The errors aie partly a lcsult of the 
aging of the tubes The pooiei performance at the lower sensi¬ 
tivity is due largely to the use of caibon resistors The instalment 
was originally built to measure mteivals up to 50 ms, so wne- 
wound resistois were used fo: only the slioitei langes. At these 
short ranges the instrument is undoubtedly fai superioi to nnv of 
the otheis described heie, foi its eirors are only a small peicentage 
of the inteival measuied, rather than absolute ones, If good con- 
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densers and resistances wcie used in all langes, the accuracy and 
constancy would depend almost entnely on the care with which 
the metei was icad. Finally* the chionometcr is extremely flexible, 
convenient, and absolutely silent It is the only one of the instill¬ 
ments desciibed that could be used foi visual 01 tactual icactions 
without some sort of soundproofing. 

Summary and Conclusions 

1. With the addition of a balanced 1 clay, it is possible to use a 
wall-model stop-clock in conjunction with anv of the Dunlap equip¬ 
ment The stop-clock is particulaily useful foi classroom demon¬ 
strations. Its cost and convenience make it a. very desiiable instru¬ 
ment for such purposes. 

2 A simple and constant giavity timer foi calibrating chrono- 
scopes was built and used foi testing nine instalments of seven dif- 
feient types The results piescnted in this paper should be considered 
as measurements of individual instalments, and should be gcncial- 
ized with gi cat caution 

3. The only instrument without an cum was the Delabarre 
Synchronous Motoi Chronograph 

4. The Dunlap Chionoscope had the lowest vaiiability of the 
instruments tested, but had a constant eiroi of —5 ms. The model 
tested lias the possibility of much moie salons crrois 

5. For careful work all the remaining instruments, should be 
checked frequently on intervals of known duiation When piopeily 
contioiled, each of these instruments has its own advantages and 
limitations. 
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ANGER ADJUSTMENTS IN RELATION TO INTELLI¬ 
GENCE AND ACHIEVEMENT* 

Psyi/ioloffical So vice Ceuta, St Loins 


H Mcltzer 


When we get angiy we betray the fact that we arc mfeiioi 1 
I his is a typical Adleuan statement made by Lazcll in his The 
Anatomy of Emotion (6, p 105) Anger, he tells us, "afflicts only 
those who i of use to peiimt themselves to become conscious of then 
mfenoi ities 01 failuics ” This statement implies a positive rclation- 
ship of angei with inferiority, 01 with a sense of inferiority, or with 
both. 

In his Thinking Machine Dr Hciuck (5, p 212), a nomologist, 
in discussing angei, talks of the "real mastery of passion by intelli¬ 
gence and will powci, the domination of the thalamic by the cortical 
brain.” This implies a negative telationship between anger and in¬ 
telligence, as well as between angei and integrity of personality 
Baibusse (1, p, 81), in the eailiei pait of his book on Stalin, 
when budding up an argument justifying the cruel practices of 
Stalin and Ins followeis in dealing with the Opposition, advocates 
the use of anger as a means of obtaining and maintaining social jus¬ 
tice "Actually and obviously,” says he, "it is one’s duty to strike 
down a fellow-creature to save a thousand, to save a hundred thou¬ 
sand, to save the future, and to build a better vvoild in which man 
will no longer be the slave oi the victim of man ” However, 
neaici to the end of the hook, when .he considers Ins case built and 
socialism safe, he then warns us against allowing out selves "to be 
led into angei and invective,” and advises us to "pause a moment to 
reflect quietly, as a flunking creature should” (1, p 269) Fiom 
Baibusse’s quotations one can gather that, at least in a vvoild safe 
with Socialism, anger anti intelligence do not go together 

In the i datively lccent works of a neuiologist, an individual 
psychologist, and a litciary man, then, wc find geneializations about 

^Received m the Editorial Office on Mav 14, 1936 
1 Onc might ask, infcnoi' in what, to whom, whcic? 
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anger which me m actoid wjtli the oft-quoted phrase, Whom the 
gods destioy they first make mad " The foundation of those gen¬ 
eral izations arc not objective findings One of the chief purposes of 
the picsent study is to Lonsidei with the use of objective data the 
extent to which, if any, these generalisations aie wart anted The 
significance of this question for this study will be dcaiei if the 
presentation of it is picccded by a discussion of previous studies and 
a description of flic methods used and gcncial appioaches made in 
the preseiu one. Wc will next diicu out attention to these aspects 
of the pi obi cm 

Previous Studies 

Of the recent studies in angci tic.ited on a psychosocial level 
(4, 7, 8, 10, 11), only the last two deal with aspects considered 
in tins study, namely, the relationship with intelligence or achieve¬ 
ment 

The earlier of these two studies, Moirison's (10), limited itself 
to a study of feebleminded individuals The souiccs foi the matenal 
she used were the lecoids of behavior and ohseivations made on 
mcntaliy-deficient children She classified her nngei iccoids into 
six gradations. These giadations ranged from one—no observable 
anger—to six—angci at the slightest provocation several times a 
day Duration and intensity of nngei were similaily scaled She 
icports vciy high relationships, .79 to ,90, between the vaiious aspects 
of anger In the feebleminded group of individuals, the conelation 
between intelligence and anger is relatively high, the average r 
being 65 

More closely related to out study is that made by G M Stiatton 
(11), who used a gioup of college students He had the subjects 
keep rccoids of then anger for thiec days by checking on a piepaied 
list of 19 situations mousing angci and six possible effects of its 
manifestation By the me of this method he obtained a coi relation 
of — 102ct.l06 between intellectual work as measured by giadcs 
and anger obtained as dcsciibed His subjects were 371 college 
students. 

Methods and Measures Used in the Present Study 

The method used by Dr Stratton leaclily enough lends itself to a 



H, MELTZER 


65 


statistical deteimmation of an anger index. In the light of the find¬ 
ings reported by the present writer in an eailiei study (8), the 
adequacy of the week-end sampling used by Stratton is very doubt¬ 
ful. The fact is, a relatively adequate sampling of college life 
must, as is shown in the eailiei study, include days wheiein activities 
paiticipated in aie dominantly social in natuie as well as those 
dominantly intellectual, school days as well as weekends The 
method used in this, as well as m the eailiei study by the present 
writer, is one that is definitely less constrained than are responses 
to a checked list and yields infoimation in many ways as close to the 
life of tMie individual as that obtained by the diary 01 life histoiy 
methods used in the investigation of peisonality tiaits by William 
Stern or Chailotte Buhler, 01 by some of the sociologists fiom the 
Univeisitv of Chicago school 

The method used foi obtaining the facts of anger repotted here 
has been called the controlled diaiy, This method was fiist used by 
G S. Gates (4). In this method the subjects are instructed to keep 
a diaiy of anger or extreme nutation foi one week. They are also 
given specific insttuctions (a) to record the date, time, length of 
time before or aftei meals, duration, and intensity, (Z») to rate on 
a fivefold scale each experience of angei, the condition of health, and 
degree of irritability; and (r) to desenbe the exact cause in each 
instance, the i espouses made, impulses cxpenenced but not yielded 
to, and the after-effects In working up the materials, however, in 
this study even moie than in the earlier one (8), the emphasis will 
be on the consideration of those aspects of angei adjustments which 
aie moie closely related to personality organization Because of this 
emphasis, little or no consideration will be given to variations in time 
of day and similar factoi s for which data aie available 2 Instead, 
we will consider in some detail such factors as condition bcfoie 
anger situation aiose, style of adaptation to reality, level of assertive¬ 
ness, manner of expression, way of managing angei impulses, and 
organization of personality after anger reactions. 

The subjects used in this study were 99 psychology students, 
mostly sophomoies, with a spiinkling of juniois and seniors, at 


Tor facts concerning the duration of nngei leactions in college students as 
well as daily vnnations, the teaclci is referred to the earliet study (8), as 
well as to (4) and (7) 
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Oicgnn State College The iccoids ot six of the students wcie not 
complete enough to be used, hence, with the exception of materials 
rcpoitccl in T.iblc 1, the data on anget «ue based on matenals from 


TABLE 1 

Rif moNsnu’S h'Itji Frequency or Anger Rlsponsi s 
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93 students The calculation of the data in Table 1 was not in¬ 
cluded m the onginal plans for wo iking up the data, and, when in 
prepaiatiou of tins aiticlc it was decided to lcpoit them, the lecoid- 
liook containing the intelligence and achievement scores was no 
longer available As a consequence, the coil elation and frequency 
figincs were made on only those anger charts which contained records 
of such scoics On intelligence there weic 78 such cases, on achieve¬ 
ment scores, 90. 

Intelligence 1 in tins studv was based on scoies made on the Otis 
Self-J(hnumieit.ig Ewrmimtion, Higher, Fo/rn A On a 20-mmute 
tune limit the scoics ranged fiom 21 to 62 The total group was 
divided into tlnec sub-gioups. The lange of test scores was 21 to 
38 foi the infcrioi gioup, 39 to 46 for the mediocre group, and 47 
to 62 foi the supenot. 

Achievement 3 as used m this study was based on six objective 
tests in psychology 4 The scores on the six tests, given at well-spaced 
intervals during the school session, ranged fiom 206 to 363 The 
range of scores foi the superior, mediocre, and infenor divisions 
in achievement were, respectively, 206 to 260, 261 to 293, and 294 
to 363 

ANcrR as a Problem in Personality Adjustments 

A concrete pictuic of the nature of the data as well as the nature 

3 IiUelhgencc in the tables is symboli7ed by hi and Achievement by Ac 

‘Actual samplings of the tests used can be seen in (9) 
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of angei reactions evoked can be obtained by a study of the anger 
charts of selected individuals For this purpose, the following charts 
of the blightest and dullest males m the gioup are piesented. 


Anger Chart or tiil Brightest Maie Student 
(Otis Score—61, Achievement Score—308) 


Cause 

Impulse 
conh oiled 

Impulse 
yielded to 

Effect 

Large assignment 
in Vocational Ed¬ 
ucation course 

To make sarcastic 
remark to teachei 


Defiance toward 
the course 

Editorial in Stan¬ 
ford papei 


Commented about 
it to colleague 

Laughed about 
the incident 

Examination 

Tcai up questions 

Sigh of angiush 

Nei vousness 

Recalled forgotten 
appointment 

Call up and apol¬ 
ogize 

Slight feeling of 
fcai 

Decision to try to 
remember better 

Poor giade on 
examination 

Razz instructor 
on type of exam 

Made alibi 

Rationalized 

Awakened by 
noise 

To throw vacuum 
sweeper down¬ 
stairs 

Cursed slightly, 
moved cover over 
head 

Wished I could 
go some place and 
never be dis¬ 
turbed 

Assignment o f 
140 pages discov¬ 
ered 

To beat up an m- 
sti uctor 

Swore 

Ti embling and 
excited feeling 

More work than 
could complete 

To throw book 
away 


Feeling of hope¬ 
lessness of study¬ 
ing anymore 

Argument 

To sit on him or 
trample 

Raised voice and 
put lip defense 

Nei vousness and 
inability to study 
and concentrate 

Phone call 

To cut wires 

“Damn that 
phone” 


First whistle 

To miss class and 
sleep 

Reminded that I 
would miss break¬ 
fast 

Realized I would 
be uncomfortable 
all morning 
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Anger Chart of the Duilist Mate Student 
(Oris Score—21, Achievement Score—260) 


Cause 

hupuhe 
com lolled 

Impulse 
yielded to 

Effect 

Short id exam 

Let matter go 

Stuck to it 

Discouraged 

Unable to find as¬ 
signed material 

To read light fic¬ 
tion or play golf 

Le.iie it go far 
nwhile 

Excited 

Interrupted 

speech 

To stop nractic 
mg 

Asked others to 
mind own busi¬ 
ness 

Tired, ncjvous 

Couldn’t fin is li 
study for speech 

r I o let it go 

Got angry 

Relaxed, went to 
bed 

Stumbled, fell in 

mud 


Couldn’t under¬ 
stand how it hap¬ 
pened 

Hu m oi 

Letter asking fi¬ 
nancial assistance 



Indi fference 


A glance at tlie charts cletirly indicates anger leactions to be re¬ 
lated to planned fu 1 fill men ts, expenenced frustrations, and reactions 
thereto—-typical pioblems of peisonality adjustments For example, 
consider the dullest individual His Otis score of 21 in 20 minutes 
is 11 points below that which indicates average intelligence and 21 
points below that which indicates average intelligence and 21 points 
helow that which signifies aveiage college intelligence In spite of 
this idatively low level of mentality he succeeds in making an avei- 
age grade in a course. Examine his anger chait: The sources of 
irritation for his anger icactions were most of the time of an intel¬ 
lectual natuie Of the six cxpenences lie icpoits, fom are intellec¬ 
tual, one is accidental, and one is financial The accident, stepping 
into a mud puddle, evoked humor The effect of the financial 
stimulus ai as indifference. But the effects of the irntations brought 
on by stimuli which weie intellectual in nature weic consistently 
negative or dissociative, discouiagement, excitement, tiredness, nci- 
vousness, sleep, 

A glance at the anger reactions of the biightest individual gives 
a completely different pictuie of emphasis To begin with his ex- 
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pcriences a.e mo.e vancd, both s.tuat.ondly and cmottonally con- 
s.deied Foi example, liberally inte.pretcd, 6 of Ins 11 anger 
expel lences of the week may be sa.d to be ,n response to intellectual 
challenges. But aside from the fact that the bright individual is car- 
rymg a heavier cuniculum load, one of Ins six expenences classified 
as intellectual is m response to an extiacuriicular activity—a re¬ 
action to an editoual in a papex from a competing umveisity Four 
of the 11 experiences axe initatxons in response to situations which 
are dominantly pexsonal or social in nature A widex mnge of 
lesponsiveness is indicated by the fact that his reactions lange from 
laughing to intense nritabihty His nchex style of assertiveness is 
indicated by the inclusion in his repeitoire of angei, xeactions which 
are defiant, rationalized 01 realistic as well as dissociative in the 
sense of evoking discouragement, failure, oi xestlcssness If one 
knew nothing more about these two individuals than their anger 
charts, one could easily enough guess which is the richer pexsonality, 
which one is more involved in assertive reactions in campus life in 
teims of the nature of planned fulfillments and frustrations 
In discussing the story of mankind Barnes (2, p v ) adv.ses us 
that 


In some epochs the mere struggle for existence has been most 
important, In others religion has loomed largest in the interest 
of peoples In nnothei age the struggle for wealth and power 
has been dominant Among some peoples, art and things of 
beauty have seemed to possess most significance When treat¬ 
ing a patticulai people in any era, I have attempted to stress 
especially the most characteristic and illuminating traits of that 
age and civilization 


In dealing with the anger adjustments of individuals a similar 
apploach seems advisable Tins is in accoxd with the general con¬ 
clusion of oui earliei study to the effect that stuctly speaking there 
is no such thing as angei and that realistically considered anger is a 
problem in psychosocial dynamics This conception is conti aiy to the 
McDougall notion of a list of emotions including anger accompanied 
y a list of instincts It is also contrary to the conception of rage 
as an innate pattern 6 


byTTn TZT'Z' 1 ': ' h ? ” araa Wat ““ al » e *pbcity expressed 
hm 3 ' P 416 ^ Not ? n y ls the com bative instinct itself inherited, 

t differences in its strength seem demonstrably inherited, too ” 
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Some of tlie general findings of the eaihei study which warrant 
tJm conclusion ire The causes or stimuli which arouse anger in the 
individuals investigated tangc all the way fiom a thwarting of a 
desire to do nothing to the interference with a desire to do every¬ 
thing. The impulses felt timing anger may be dominantly verbal, 
physiological, psychological, or social in nature and may range from 
a pleasant icply to doing violence to the offender The after¬ 
effects inngc from a vciy reduced self-feeling to feelings of exalted 
sclf-impoitante The oiganization of home-life and geogiaplnc 
setting play Jnrgc idles in deteimimng the time of angei occunences 
and the sex of the individual influences the soim.es of nutation 

In the light of these findings it seems cleai that an undeistanding 
of anger adjustments of any given individual calls foi a considera¬ 
tion of the life histoiy of that individual as well as the psycho¬ 
social factors which influence his angei behavioi A configurational 
emphasis on what is relevant in a given situation and the extent 
to which it is iclcvant, not a predetermined list of innate or acquired 
patterns, seems to be the most promising as well as realistic approach 
to the study of anger adjustments in humans 

Findings and Interpretation 

1, Relationships of Intelligence and Achievement with Fiequency 
of Angei Responses The facts of lelationship which exist between 
ficqucncy of anger responses and intelligence and achievement are 
indicated in two ways (1) by correlations for comparison with 
Stratton’s data (11), and (2) by comparable measures of central 
tendency and variability for the supenoi, mediocre, and interior 
individuals in the gioup, considered in lei ms of intelligence as well 
as achievement 

The correlations found here aie quite in accord with those re¬ 
ported by Stiatton (11). The lattei investigator, without repoiting 
data other than the con elation between intellectual woilc and anger, 
goes into a i datively lengthy discussion which, with reservations, 
favors the conclusion that the gieatei impulse to get angry is an 
impediment to scholaily achievement In the present study, no at¬ 
tempt will be made to build up an argument about the meanings 
or possible meanings of couelations which, as in this instance, are 
close to zero Instead, the group has been divided into three sub- 
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groups foi the put pose of searching out difteienccs m frequency of 
anger and other related factors that are not revealed by the correla¬ 
tion method 

As tieated, the icsults indicate that individuals who are mediocre in 
either intelligence of achievement avetage less anger responses than 
do cither the supeitoi or infenoi individuals The difference be¬ 
tween individuals who aie supenoi m intelligence and those who arc 
mediocic is 81 in favoi of the foimei The S. D of the difference 
is 79 and the Diff/S.D diff is 103 The difference between 
the mferioi and mediocre is 1 08 in favor of the formci The S D 
is 84 and the Diff /S D diff is 1 29 Expressed in terms of pci- 
centages, this means that the intellectually supenoi as compaied 
with the mcdiocie average 20 pei cent moic anger responses, and 
the inferior 27 pei cent moie Considered in terms of achievement, 
the difference in means between the supenoi and the mediocie is 54, 
the S D of the difference 74, and the Diff /S D diff 73 The 
difference between the mediocre and tlie inferior is 27 in favor of 
the lattei, the S. D. of the difference 72, and the Diff /S D. diff 
38 This, expressed in terms of percentages means that, as compared 
with the mediocre m achievement, the supenors average 13 per 
cent moie angei responses and the inferiors 7 per cent moie. 

Comparison between the differences indicates that, on frequency 
of anger responses in this gioup, intelligence diffeientiates the mcdi¬ 
ocie from the infenoi and superior moie than does achievement 

2 Relationships with Condition hefoie Angei Situation Aiose. 
Buit (3) talks of anger as being tied up veiy closely with disturbed 
condition of the body “An irritable frame of mind,” according to 
him, “rests often on a disturbed condition of the body, and tire mildci 
foims of anger-—petulance, peevishness, and sensitive fietfulncss 
—appear, in a major ity of cases, to be the indirect outcome of physical 
weakness or physical nutation ” In this connection, Buit also quotes 
Healy as saying that he has failed to find excessive irritability without 
some physical cause. Statements like the foiegoing suggest a close con¬ 
nection between physical conditions of an individual and susceptibility 
to irritation In Table 2 aie reported the physical conditions m which 
our subjects were befoie the anger situation arose The many descrip¬ 
tions given by the subjects concerning their conditions were divided 
into tinee categories. Disequilibrium, equihbiium, and asleep Un- 
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der “disequilibrium" are included such descuptions as the follow¬ 
ing tired, sleepy, tired and hungry, hungry, headache, cold, iintable, 
worncd, eyes tned, disappointed, discomaged, disgusted, nervous, 
in great hurry, restless, despondent, blue, exhausted, lazy, bored 
Undci “equilibrium” were included high spirits, gay, happy, good, 
relaxed, contented, congenial, noimnl, O K The caption “asleep” 
needs no explaining When no conditions were described in this 
study, the self-rating of the individual on his condition was used to 
dctciminc whether it repiescnted a state of equilibrium or disequili¬ 
brium. The data arc lcpoited in tcims of peiccntagc of expenences 
classified as indicated in the table. 

TABLE 2 

Rn ATioNsmrs with Condition bcfore Anccr Situation Arose* 

Disequilibrium Equilibrium Asleep 

SMI SMI SMI 

In 77 78 86.49 SO 00 22 22 12 16 10 00 0 1 35 10 00 

Ac 8139 76 00 79,25 16 28 19.00 20 75 2 33 5 00 0 

“The meanings of abbreviations used, m the tables are lit, intelligence, 
Ac, achievement; S, superior, M, mediocre, I, inferior 

The data repoitcd in the foregoing table indicate that the 
clifFcicnees between supenor, mediocre, and inferioi individuals 
are larger ui intelligence than they aie m achievement. Considered 
in terms of intelligence, the mediocre are the most frequently found 
in a state of discquilibiium, and the supeiior least often so found 
The superior group is more often in a state of equilibrium and the 
inferior least, and the infcnoi gioup in intelligence is by far more 
often in a state of sleep. Considered in teims of achievement, the 
mediocre arc the least often in a state of chsequilibiium before the 
anger situation arises, and the superior most often And unlike 
the differences found in intelligence, in achievement it is the mediocre 
group that is found most often in a state of sleep. 

In interpreting the foicgomg data, it is perhaps well to keep in 
mind that the supcnoi in intelligence, not those who aie superior 
in achievement, arc probably closer observers of their conditions 
before anger In checking tile descriptive natuie of the responses, 
it was discovered that 62 per cent of the individuals who are rated 
superior in intelligence used descriptive phiases as well as a self- 
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rating in evaluating their condition; only 49 per cent of the mediocre 
and 41 per cent of the infenoi did Oil achievement from high to 
low, the percentages are 44, 51, and 53 Of all the conditions, 
“tiled” is given most frequently by all individuals It is moic often 
given by the mediocie in intelligence and achievement than by the 
supenois and inferiois. In the mediocre group tuedness is given as 
a descriptive phiase 31 times, in the bnglit group 21 times, and in 
the dull group 16 times In teims of achievement, these differences 
arc, going fiom supenoi to infenor, 17, 39, and 21 "Sleepy” is 
the next most fiequently reported condition, and on that condition 
again the mediocie report more fiequently The differences in 
terms of ficquency on intelligence aie, going from high to low, 9, 13, 
and 2, lespectively On achievement they arc 8, 9, and 6 Gioupcd 
in teims of intelligence but not achievement, the superior more often 
described themselves as being in a state dscribed as "good,” "gay,” 
"normal,” than do the other two gioups This diffciencc is indicated 
in the foiegoing table by the fact that the superior leport themselves 
to be in a state of equilibrium 22 22 pei cent of the time as against 
12 16 and 10 for the other two sub-groups 
3 Relationships with Nature of Anger Adjustments In his 
Fundamentals of Human Motivation, Di Tioland (12, pp 385, 
386) described what he consideis to be the con elates of infer lority- 
superionty motives in relation to anger By and large, the geneial 
impression one gets fiom leading his involved language is that it is 
his opinion that, when a man of low intelligence is insulted, he moie 
likely will respond with a physical attack upon the offendei On 

the other hand, in a man of highei intellectual development, accoid- 
ing to Di Tioland, "the instrumental images may be visual oi audi- 
toiy, as well as kinaesthetic,” and because of this lie will less likely 
attack the offender and moie likely will, peiceiving an attack to be 
an infenor leaetion, retaliate in woids or meiely walk away 
Buit comes to the same geneial conclusion as Dr Tioland on the 
basis of a moic evolutionary tieatment of the topic of angei 

As all creatures blit the lowest, accoiding to him, are en¬ 
dowed with special oigans of sex, so many of the higher are 
equipped with special oigans for defense and for aggression— 
the bull with horns, the fighting cock with spurs, the tiger with 
tooth and claw Man, when fully grown, being—in the defi- 
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mtion of Herr Feufelsdrockh—“a tool-using animal with the 
gift of speech,” lights now with aitihcial instruments of violence 
and now with Ins tongue (3, p 416) 

On actual objective findings on an anger study in the feeble¬ 
minded gioupi Monison (10) repoits a difference in the manner of 
cxpicssion in the idiots, imbeciles, and moions On the lowest 
level, the causes of angei aie chiefly bodily conditions, intei ference 
with movement. In the imbecile gtoup, the causes are chiefly the 
thwaiting of pm poses ot intcrfcicncc with woik In tlic higher 
level of mental deficiency, she icpoits causes of a peisonal-socml 
nature, such as quatrels 

Arc thcic any difteiences in the manner or foim of expression 
between supeilot, mediocre, and mfeuor college students ? The 
findings concerning the natme of types of adjustments made by the 
vaiious individuals in angei situations will be presented in three 
ways. ( a ) styles of adaptation to leality, as classified in Table 3, 


TABLE 3 

Relationships with Style of Adaptation to Reality 



Facts total 
situation 
SMI 

Faces paitial 

situation Compromise 

SMI SMI 

Non-adaptive 

SMI 

In 

Ac 

I0S Q 0 

95 0 0 92 

28 42 28.03 33 33 IS 79 19 75 25.49 
21.90 32 83 40 37 22 86 21 21 12 84 

54 74 52 22 41 18 
54 29 45 96 45.87 



TABLE 4 




Relationships with Lbvfl of Assertiveness 



Aggressive 
S M 

Defensive 

I SMI 

Submissive 

S M I 

In 

Ac 

29 17 26 58 31 57 52 63 48.74 49 02 

36 19 27 78 32 11 47 62 50 00 43 12 

17 90 24 68 19 61 

16 19 22 22 24,77 



TABLE 5 




Relationships with Manner of Expression 



Verbal 

S M I 

Action Physiological 

SMI SMI 

S 

Inert 

M I 

In 

Ac 

52 63 49 3 7 59,80 
51 43 55 05 43 12 

24 21 20 88 21 57 6 32 10 7 6 4 90 
24 76 21.21 28.44 9,32 4 55 13 76 

16 84 
14 29 

IS 99 13.73 
19 19 1468 
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(b) levels of assertiveness—aggressive, defensive, oi submissive as 
indicated in Table 4, and (c) manner of expression, sub-divided in 
tcims of verbal, action, physiological, and inert reactions ns piescnted 
in Table 5 The results in Tables 3, 4 and 5 arc all reported in 
percentages 

A survey of the data presented in Table 3 suggests that by and 
large the angci leactions of individuals fiom all levels of intelli¬ 
gence and achievement aie laigelv non-adaptive Only one reac¬ 
tion (1 05 pei cent) is classified as representing a facing of total 
lealitv, and that was manifested by an individual of supenoi intelli¬ 
gence No such icactions ate found in cithci the mediocre or infeiior 
groups The infeiior in intelligence aveiagc a laigcr peicentage 
of icactions that are classified as paitial facing of leality and also 
average a laiger peicentage of leactions which repicscnt compromises 
with lealty The supenoi aveiage more non-ad aptive responses 
Other more specific differences between the tin ee groups on the two 
factors can be obtained fiom leading Table 3 

The intellectually mediocre aveiage less aggressive and defensive 
leactions than do the infeiior or supeiior, and moie submissive 
icactions than the other two. The intellectually superior aveiage 
moie than the other two gioups only in the percentage of defensive 
reactions Considered in teims of achievement, the supenoi s average 
most aggiessivc reactions, aie middling in defensive reactions, and 
average the smallest peicentage of submissive leactions, The medi- 
ocic m achievement aveiage most defensive reactions, mid tiling in 
submissive leactions, and lowest in aggiessivc icactions 

Whatever the differences may be when consideied in the evolu¬ 
tional y mannei of Butt or in the objective findings of vanous 
levels of the feebleminded gioup concerning the manner of express¬ 
ing angei, in a gioup composed of college students, legardless of 
level of intelligence, no such consistent diffeiences arc found The 
specific diffeicnces aie repoited in Table 5 As indicated in this 
table, the intellectually superior aveiage the highest peicentage of 
action responses, aveiage middling on physiological icactLons and 
ineit reactions, ,md aie below the mfeiioi, though above the mediocic, 
in the peicentage of veibal leactions. The supeiior in achievement aie 
lowest in ineit icactions and middling in veibal icactions, action re¬ 
sponses, and physiological reactions 
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Of the many specific impulses felt timing the experience of 
anger, to make a verbal ictort was, with but one exception, reported 
most frequently by persons from all levels of intelligence and 
achievement The exception was the impulse to injure inanimate ob¬ 
jects rcpoited by the bnghtest group. Expicssed in terms of per¬ 
centages, the intellectually superior average 24.18 per cent verbal 
retoits, the mediocie 24 36, and the inferior 19 59. Considered 
in twins of achievement, superiors aveiage 20 per cent such responses, 
the mediocie 18.72 pci cent, and the mferioi 20 41 pei cent such 
responses. Contrary to the implications of the quotations enclosed 
in this section, the next most frequently reported single felt im¬ 
pulse, with the exception mentioned, was to do injury to the offend- 
ci In tiiat, the supenoi intellectually average more i espouses than 
do either of the otliei two. The peiccntages of reactions of this 
type expressed by the intellectually superior weie, 18 68, by the 
mediocre 8 97, and by the inferior 12.37 Considcied in terms of 
achievement, the stoiy is somewhat different Only 12 per cent 
of the superiors expressed an impulse to do physical injury to the 
offender, 11.76 of the mediocie, and 19 39 of the infeiior It should 
be i erne inhered, however, that this is merely a description of the 
impulses felt, ratliei than those released. 

To iuu away and leave the room, which, according to Tialand’s 
description, would represent a high level reaction, was manifested 
most often by the mediocie group. Four such reactions, 4 3 per cent 
were listed by the intellectually superior, 9 or 5.77 per cent by the 
mediocre, and 2 or 2.06 per cent by the inferior Considered in 
terms of achievement, again the stoiy is diffcient Here the superiors 
do average the highest numbei of such reactions, 5 per cent, the 
mediocre average 2 67 pci cent and tiie infeuor 4.08 pet cent The 
specific-felt impulse of retaliation in kind was least often expressed 
by the intellectually supciior The peicentagcs from high to low aie, 
respectively, 1 10, 2 56, and 8.25 Considered in terms of achieve¬ 
ment, the percentages aic 4 0 for the supeuor, 3 21 foi the mediocre, 
and none for the inferior The specific i espouse “to blame someone 
else was found once among the mediocie In intelligence and once 
among the inferior, and was absent in the intellectually supeuor 
group In terms of achievement, the percentages me 2 for the 
superior, 54 for the mediocre, and 1 02 for the inferior “Razzing 
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the mstructoi” was expicssed by only one individual, who was su¬ 
perior both m intelligence and achievement. A desire to invent 
“Bigger and better cuss words” was expiesscd bv only one individual, 
superior in intelligence and achievement. To “dash for home" 
was expicssed only once, by one mediocre and one infenor individual, 
and not at all by the superior group 

4 Relationships with Management o> Impulse, What is the 
lelationslnp between the mannei in which an angei impulse is man¬ 
aged with intelligence or achievement? To get a mote specific 
pictuie of this than is obtained by the foiegoing moie gencial de¬ 
scriptions, the icsponscs made and the impulses felt in each instance 
wete classified in terms of a foiufold division of impulse-response 
configurations The divisions, as indicated in Tabic 6, aie impulse 


TABLE 6 

Rei at kinships with Management or Impuises 



Impulse 

Impulse partially 

Impulse 

Impulse 
better than 


inhibited 

inhibited 

yielded to 

i esponse 


S M I 

SMI 

S M I 

S M I 

la 

26 51 32 14 44 29 

61 44 27 96 56 99 

12 05 23 57 10 75 

0 0 4 30 

Ac 

31 25 35 52 25.53 

54 17 4S 36 60 64 

14 53 16 39 13 83 

0 273 0 


inhibited, impulse partially inhibited, impulse yielded to, and impulse 
bettei than lesponse The icsults aie lepoited in peicentages 

As classified, the laigest per cent of impulsc-iesponse configura¬ 
tions tall into the paitially inhibited division, icgaidlcss of level of 
intelligence oi achievement Impulse inhibited avenges the next 
most categoiies fiom all levels, and the impulse bettei than response 
categoiy the least The intellectually superior tank highest in the 
impulse paitially inhibited The mediocie average most in impulses 
yielded to, and the infer 101 average most in impulses inhibited and 
impulses better than response Considcied in terms of achievement, 
the mediocie gioup averages highest in impulse inhibited, impulse 
yielded to, and impulse better than lesponse The mfeiioi in achieve¬ 
ment average highest in impulse partially inhibited 

Another bit of insight can be gained concerning the nature of the 
significance of the way m which the impulse was managed by evalua¬ 
ting the after-effects in terms of level of socialization For the 
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pm pose, die effects weie classified on a fourfold scale labelled: 
individual] individual-social, social-individual, and social So classi¬ 
fied, the percentages foi the intellectually supciior on the four c<ttc- 
gones are: 45 individual, 18 individual-social, 9 social-individual, and 
28 social. Comparable pcicentages foi the mcdiocic aic 37, 13, 10, 
and 40, and foi the mfenoi, 32, 20, 8, and 40 Considcied in teirns 
of achievement, the pcicentages for the supeiioi are. 39 individual, 
18 individual-social, 12 social-individual, and 32 social Respective 
pcicentages foi the mediocre aie 41, II, 7, and 41, and foi the in¬ 
ferior, 39, 22, 9, and 30 

A glance at these percentages suggests that thcie is a consis¬ 
tent and well-diicctcd tendency for the intellectually supenor to 
manifest the hugest percentage of individual leactions and the 
smallest percentage of social leactions. No lcgulai tendency appears 
in the gioups consuleicd in terms of achievement The mediocre 
avciagc most social ic spoilses as well as most individual leactions 

5. Relationships with Oi gaiuzation of Peisonahty aftei Angei 
Reactions Do angei lesponses tend to organize or disorganize the 
peisonality? Are thcie diffcicnccs in the extent to which they tend to 
organize or disorganize m individuals of various levels of intelli¬ 
gence oi achievement 7 In Table 7 are picsented the reactions aftei 


TABLE 7 

Rhationsiiips with Organization or Personality after Anger Reactions 



Dissociative 

trend 

Integrative trend 

No 

reaction 


S 

M 

I 

S 

M 

I 

S 

M 

I 

In 

64 45 

6144 

65 63 

13 33 

9 15 

11 46 

22 22 

29 41 

22,91 

Ae 

63 27 

63 9S 

61 00 

612 

11.29 

19 00 

30 61 

24 73 

20 00 


being classified into the general categoiies of the reactions which ex- 
picss dissociation, integration, or no leaction On the dissociative 
tiend we include such specific aftei-effects as nn table, sony for 
self, disgusted, discouraged, ashamed, trembling, foi getting to eat, 
districted, sad, hint, nervous, increased dislike foi person causing 
angei An aftei-effcct was classified as symptomatic of an integia- 
Clvc trend if balance oi expansion of the ego is indicated Illus¬ 
trative of such after-effects aie satisfaction, triumph, feeling of 
energy, calm, O K., relief, efforts continued The third caption 
used is self-explanatory. The results are repoited as percentages 
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The data presented in Table 7 indicate that, for individuals of all 
levels of intelligence and achievement, anger responses aic fat more 
fiequentlv dissociative in effect The lelative differences within the 
thiee groups considered in tcims of intelligence 01 achievement 
undci dissociation are small In the percentage of effects which 
lead towards integration, the superioi gioup intellectually rate high¬ 
est and the mediocre lowest Considered m terms of achievement, 
it is the inferioi who aveiage the laigcst percentage of reactions 
that indicate an integrative trend 

General Summary 

1 Appioach Anger is here piescnted as a problem in person¬ 
ality adjustments winch can be undeistood only in the light of a 
knowledge of the life histoiv of the individual who is manifesting 
the anger and all the psychosocial factois which are influencing him at 
tihe time of the angei i espouse The meaning of anger as a piob- 
lem in personality adjustment is illustiated with the anger charts 
of the brightest and the dullest males in the gioup 

2 Method The method used in this study was the contioiled 
diaiv, wherein weie obtained facts from which could be gathered 
information concerning such aspects of peisonality oigamzation that 
may be related to anger, as condition befoie angei situations arise, 
style of adaptation to leality, level of asseitiveness, manner of ex¬ 
pression, management of impulses, and organization of personality 
after anger leactions Data ate picsentcd in teims of diffeiences 
for supenoi, mediocie, and infenoi individuals within the group in 
intelligence as measuied by the Otis Htghei Examination and 
achievement as measmed by six objective tests 

Summary or Findings 

1 Relationships of Intelligence and Achievement -with Fiequen- 
cy of Anqei Responses In a feebleminded group anger and in tell h 
gence aie closely lclated The con elation of these factois in such 
a group is 65 Imbeciles definitely aie moie leadily susceptible to 
anger than idiots, and moions more so than imbeciles But in a 
college gioup where the individuals studied mnge in intelligence 
from low average to neai-genms, the coirelation is practically zero 
In the present study, the fiequency of angei coirclates .02± 08 with 
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intelligence and —,07±.07 with achievement Intellectually supcrioi 
individuals m the college group average 20 pei cent more anger 
responses than the mediocre, and the infciiois average 27 per cent 
moie. As compared with the mcdiocie in achievement, the superiois 
avcii igc 13 per cent moie and the inferiors 7 pei cent moie These 
diffeiences aic picsented in terms of means and S. D’s 

2. Relationships with Condition before Anger Situation Arose 
Differences between superior, mediocre, and mfenoi individuals aic 
largei in intelligence than achievement, as fai as condition before 
the anger situation auses is conceincd Consideied in terms of 
intelligence, the mediocre individuals aic most often found in a 
state of disequilibiium, and the superiors least often so found The 
supeuor group is mote often in a state of equilibrium and the in- 
fcuor least, and the inferior group in intelligence ts by fai moie 
often in a state of sleep. Considered in tcims ot achievement, the 
mediocic arc the least often in a state of disequilibiium before the 
anger situation auses, and the supeuoi most often. The supeuor 
intellectually most often descube themselves as being in a state of 
equilibiium 

3 Relationships with Nature of Anger Adjustments 

a, Style of adaptation to reality . Angci i factions of individuals 
from all levels of intelligence and achievement are largely non- 
adaptive. Specific diffeiences on a number of leactions which repre¬ 
sent a facing of reality, partial adaptation to reality, compromise 
with it, as well as non-adaptiveness, may be found in the body of 
this article, 

b Level of assertiveness. The intellectually mediocre aver¬ 
age less aggressive and defensive reactions than do the mferioi 
or supcrioi, and moie submissive reactions than the other two The 
intellectually superioi average more than the other two groups only 
in the percentage of defensive reactions Considered in teims of 
achievement, the supeiiors average most aggressive reactions, are 
middling in defensive reactions, and average the least percentage 
of submissive leactions. The mediocie in achievement aveiage most 
defensive reactions, middling in submissive reactions, and lowest 
m aggressive reactions. 

c Manner of expression Unlike generalizations found in 
literature oi findings in the feebleminded gioup rep oited by Mol- 
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rison, theie are no laige differences in mannei of expressing anger 
in a group of college students of various levels of intellect or at¬ 
tainment Some of the moie interesting d iff ei cnees reported in 
1 able 5 aic The intellectually supenor average the highest per¬ 
centage of action responses, middling in physiological reactions and 
inert leactions, and are second to the mfcrioi group in the percentage 
of verbal reactions, The supenor m achievement are highest in 
none of the categoiies, lowest in ineit reactions, and middling in 
verbal leactions, action responses, and physiological reactions The 
differences in some specific reactions, like vcibal letoit, doing physical 
injury to the offendei, lunning away and leaving the room, are re- 
poited in the body of the paper 

4 Relationships with Management of Impulses When the im¬ 
pulses felt and the i espouses made are classified in impulse-response 
configurations, the laigest numbei of impulse-iesponse patterns fall 
into the partially inhibited division, regaidlcss of level of intelligence 
or achievement Impulse inhibited averages the next most categoiies 
fiom all levels, and the impulse bettei than response category the 
least. The intellectually superior rank highest in the impulses pai- 
tially inhibited The mediocre aveiage most in impulses yielded to, 
and the inferior aveiage most in impulses inhibited and impulses 
better than response Consideicd in tcims of achievement, the 
mediocre group averages highest in impulse inhibited, impulse yielded 
to, and impulse better than response The inferior in achievement 
aveiage highest in impulse partially inhibited 

Classified on a fourfold category ranging fiom individual to 
social, the reactions of the intellectually superior are found to be 
most individual, and those of the intellectually inferior most social, 
5 Relationships with Oi ganization of Personality aftei Anger 
Reactions The after-effect responses weie classified as indicating 
a trend towaids dissociation or integration The relative differ¬ 
ences between the three gioups considered in terms of intelligence 
or achievement under dissociation are small; angei responses are far 
most frequently dissociative m effect for individuals of all levels of 
intelligence oi achievement In the percentage of effects which lead to¬ 
wards integiation, the supenor intellectually late highest and the 
mediocre lowest Consideied in tcims of achievement, it is the in¬ 
ferior who average the largest number of reactions that indicate an 
integrative trend 
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CHANGES IN SEX DIFFERENCES IN PROBLEMS AND 
INTERESTS OF ADOLESCENTS WITH 
INCREASING AGE* 


Teachers College, Columbia Univeisily 


Percival M Symonds 


Do boj’s and girls become more 01 less alike in then problems and 
intei ests as they grow oldei ? Discussions of sex diffeienccs in 
psychological literature aie largely concerned with physical and in¬ 
tellectual diffeicnces, and accurate mfoimation zegaiding differences 
in intei ests is scanty One may easily obscive that boys and guls, 
before the age, saj r , of 10, play togethei, in the home and in nuisciy 
school, kindcigarten, and lower giadcs of the elementaly school 
While girls may piefei dolls and boys may piefer tiains as toys, 
they leadily join in the same games Bcfoie adolescence, however, 
this association disappears and when it leappeais in adolescence it is 
on a wholly different basis as determined by the matining sex func¬ 
tions Boys and girls at all periods of adolescence have diffeient 
interests in leading (5, 7), writing (2), movies (11), radio pro¬ 
grams (+), games (3, 8, 9, 14), convcisation (15, 16), and voca¬ 
tional selection (1, 6, 10, 12) Do these differences become more 
or less intense? 

A survey of the pioblcms and inteiests of adolescents and adults 
furnishes data which thiow light on this pioblcm Fifteen areas of 
human inteicst (biicfly noted in the tables accompanying this paper) 
weie ranked by seveial hundicd high school pupils, college students, 
and giaduate students in education in older of being pcisonal piob- 
lems, and in ouler of being of interest foi leading oi discussion. 
By taking aveiage lanlcs foi the vanous gioups it is possible to note 
difteiences by sex foi difteient matui ltv levels Tables 2, 3, and 4 
show these diffeienccs for 276 college men and 387 college women, 
also diffeienccs for 784 high school boj's and 857 high school girls, 
and 73 men and 111 women who ate giaduate students of education 

The outstanding generalizations fiom these data aie that theie is 
more diffeience in general between adolescent boys and guls in 
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TABLE t 

Sums oi Differences in Average Ranking between Men and Women 


Problems Interests 


High school group 


47 

78 



College gioup 


72 

1 12 



Adult graduate gioup 


56 

51 




TABLE 

2 



Averagf Rankings h>k 15 Itfms tor Prodiems and 

Interests or 1+7 Stu- 


DFNT3 AT J’L’RDUE UNIVERSITY AND 516 STUDENTS AT KANSAS 



State Tpachers 

C’OI I CGE, 

Emporia, 

Kansas 




Boys 

Gills 



Pioblems 

Interests 

Problems Interests 

l 

Health 

6 81 

5 93 

7 58 

8,03 

2 

Sex 

8 67 

5 96 

9 76 

7 21 

3 

Safety 

10.41 

10.44 

11 38 

12 23 

4 

Money 

4 07 

7 01 

5 71 

9 IS 

5 

Mental health 

8.16 

7 88 

7 02 


6. 

Sltidv 

6 08 

9 17 

5 65 


7. 

Recreation 

9 12 

7,06 

9 56 

7 84 

8 

Personal qualities 

7 42 

6 95 

7 43 


9 

Family relationships 

9.83 

9 87 

9 43 

8,85 

10. 

Manners 

8 96 

7 66 

8 78 

6.46 

11 

Persona! attractiveness 

7 96 

8 31 

7 01 

5 87 

12 

Daily schedule 

8.29 

11 1+ 

7 52 

1014 

13. 

Civic 

8 80 

8,75 

7 96 

8 59 

14. 

Getting along with others 

8.82 

7 89 

914 

7.24 

15 

Philosophy 

7 28 

5.95 

6 35 



theii sale tests than in their pioblem v and theie are more differences 
between college men and women than between high school boys and 
girls, and adult men and women 

Evidence foi these two generalizations may be seen in the sums 
of diftcienccs (taken without regaid to sign) in ranking between 
men and women foi the three gioups (Table 1) 

In both the high school and college gioups it will be seen that 
the difference between the sexes m interest is greater than the differ¬ 
ence in pioblems 

The data also indicate that men and women are most unlike din¬ 
ing the period of later adolescence At the time when all the powers, 
physical and mental, have matured to their maximum and when 
the process of mating is beginning to be the main life concern, men 
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TABLE 3 

Differences between Average Rankings of 276 Men and 387 Women of 
IS Items ior Proulfms and Interests for 147 Students at Purdue 
University and 516 Students at Kansas State Teachers 
College, Emporia, Kansas 

A plus sign ( + ) indicates a higher innking foi men 




Diffeiencc 

foi 

problems 

_Diff 

Difference 

for 

interests 

Diff 

1 

Health 

+ 77 

+2,2 

+2 10 

+ 6 7 

2 

Sex 

+1 09 

+3 3 

+ 1 25 

+ 3 fi 

3 

Safety 

+ 97 

+3 5 

+ 1,79 

+7 0 

4 

Mo n ey 

+ 1 64 

+ 5 5 

+2 14 

+7,0 

5 

Mental health 

—1 14 

—3 6 

+ 15 

+ 5 

6. 

Study 

— 44 

—1 4 

— 12 

— ,3 

7 

Recreation 

+ 44 

+ 1.5 

+ 78 

+2 3 

S 

Persona! qualities 

4- 01 

0 

— 87 

3 3 

9. 

Family relationships 

— 40 

~1 3 

—1.02 

—3 7 

10 

Manners 

— .18 

—07 

—1 20 

—4 3 

11 

Personal attiactive- 
ness 

— 95 

—3 5 

—2 44 

—8,7 

12 

Daily schedule 

— 76 

—22 

—1 00 

—3.7 

13. 

Civic 

— .83 

—28 

— 16 

— 5 

14. 

Qetting along with 
others 

+ ,32 

+ 1 0 

— 65 

—2 1 

15 

Philosophy 

— .93 

—2 9 

—1 15 

—3 3 


and women aie most diffeient from each othei This diffeientiation 
proceeds fiom bnth, but receives an acceleration at the time of 
adolescence In later years as sex becomes less of a concern the 
differences in mteiests between men and women become less and 
probably vanish as senescence is reached. 

An inspection of some of the specific items will indicate in what 
ways men and women are most unlike at the college penod The 
maximum difference is in inteiest in personal attractiveness, women 
being more inteiestcd in this item to the extent of 2 44 lank places. 
Even so, the difference is about the same oi even less than at the 
high school age when the obtained difference is 2.72 

Opposed to this is tlie interest in monev which is 2 14 ranks grcatei 
for men than for women This states for us the familiar fact that 
at this age men aie inteiested in establishing themselves vocationally 
and setting up their competence, while women apparently are mme 
interested in the process of sexual selection. 



86 


JOURNAL Of 01NFI1C PSYCHOLOGY 


TABLE 4 

Differences between Averam Rankings or 7S4- Boys and 857 Girls in High 
School and Aiso 73 Men and 111 Women Graduate students oi 
Education for 15 Items Reporting Areas of Human 
PrOBI EM9 AND INTERESTS 


A plus sign ( + ) indicates a higher average ranking for boys than for girls 



II lgh 

Difference 

for 

problems 

school 

Difference 

for 

interests 

Difference 

for 

problems 

Adults 

Difference 

for 

interests 

I 


— 11 

+ 96 

+ 64 

+ 29 

2 


+ 24- 

-1- .16 

+1 20 

+ 1 67 

3 

Safety 

+ 5+ 

+1.39 

— 31 

+ 34 

4 

Money 

+ 58 

+ 93 

-1- 86 

+ 46 

5, 

Mental health 

— 47 

+ .26 

— 16 

— 19 

6 

Study 

+ 54 

+ 62 

— 04 

— .13 

7 

Recreation 

+ 07 

+ 74 

+ 20 

+ 10 

8. 

Personal qualities 

+ 14 

— .17 

+ 35 

+ .44 

9 

Family relation¬ 
ships 

— 02 

— 18 

+ 30 

+ ,28 

10 

Manners 

—1 11 

—1 16 

+ 51 

+ 25 

11, 

Personal attractive 
nes9 

—1 70 

—2 72 

—1 39 

—1 76 

12. 

Daily schedule 

+ 44 

— 09 

—ZOO 

— 68 

13 

Civic 

+ 47 

+ 17 

— 26 

— 27 

14 

Getting along with 
others 

— 50 

—1 13 

— 05 

— 76 

IS 

Philosophy 

— 11 

— 36 

+ io 

— 02 


The gicatcr inteiest of men in health is less obvious in everyday 
life, but this same tliffeiencc in vaiying degrees has been noted in 
every school in which these data have been gatheicd and at ill 
ages Apparently foi men this is a variant of the dnve for success, 
while foi women the narcissistic tendency is more towaul attiactivc- 
ncss than towaid efficiency. 

Men rank their intciesi in higher than do women. This 
should also he compaied with the inteiest in personal attiactiveness, 
and shows the well-known diffeience between the sexes m then 
attitude and response toward sex. Foi men the diive is positive 
and direct Men have no hesitancy in expressing their interest in 
women or in a woman and in pursuing the object of then inteiest 
and affection with ardoi Women, on the other hand, while no 
less backward in making themselves attractive and in encouiaging 
male advances, do not openly express as cliiect an inteiest in sex, but 
invite attentions from men. 
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Tliat men arc moie interested in safety than women is not to be 
wondeied at perhaps, since men aie in geneial moie active and have 
to participate in moie dangeious undei takings and occupations I 
am inclined to believe, on the other hand, that women are not ^o 
sensitive to danger as men and that they accept dangerous situations 
with more hardihood and endurance The fact that women must 
go through the rigors of cluldbeaiing perhaps tempers then whole 
attitude towaid the dangerous m life. 

Men aic less interested, at this age, in the philosophy of hie 
than women, which may check with the common belief that women 
afe more leligious than men. My data show that this difference in 
less degree is present in high school boys and guIs, but practically 
fades out with matimty. Quite possibly the gieatci activity and 
outwaidness of men, paiticulaily at the time when they aic zealous 
for success in school and college, give them less time and interest 
for mental speculation, while the natuial gicatcr passivity of women, 
makes them more receptive to speculations of a more geneial char¬ 
acter 

Two othei differ cnees may be commented on bnefly One is 
the greatei interest of women than men in planning the daily sched¬ 
ule High school youngstcis find the daily schedule highly unin- 
teiestmg—they aie bored with sitting down and planning then day’s 
activities Interest in planning comes eailiei with women than 
with men, and the diffeiences become still gieatci with adult women 
and men. This may be compared with the gicatei inteiest in the 
philosophy of life, and indicates that women aie more ready than men 
to plan, to take stock of things, and to sec the relationship of what 
they do with the laiget issues ot life. This points to an essential 
conservative chaiactci of women. 

The other diftciencc to be commented on is the fact that mental 
health is more of a problem for women than foi men This har¬ 
monizes with the othei differences already noted m that women are 
less active, moie reflective, more leligious, and accoiclingly tend to 
be moie intiospcctivc It is well known that women aic moie pi one 
to certain types of neuioses than men, and, as indicated by oui data, 
they consider then mental health moie of a problem 

That women aic moie intei ested in peisonal qualities, man nets, 
and family i elationships is obvious, easily understandable, and fits in 
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with otlici differences already commented upon, winch need not be 
discussed in more detail here 

Summary 

A conipaiison of the problems and inteicsts of high school boys and 
girls indicates that the sex differences in tntei ests aie greater than 
the differences in piobUms at these levels, 

These tliffciences, both for pioblems and interests are greater in 
the period of late adolescence than at any other time of life At 
the time when men and women are most fecund biologically they 
aie most unlike each otlici m their interests 

When the diffeiences aie looked at in detail they are seen to 
agree with conventionally accepted descriptions of male and female 
diameters. Men are moie interested in physical health, safety, 
money, all repiesentalivc of the urge toward success and personal 
establishment in society. Men aie also moic openly and ducctly 
interested in sex Women, on the other hand, are moie passive and 
leccptive. They differ most from men in their interest m personal 
attractiveness which represents their pait in sexual selection 

In addition, the gieater passivity and leceptivity of women makes 
them more intiospectivc and more ieffective This shows itself in 
their greater interest in a personal philosophy , in planning the daily 
schedule, and with their gicatei concern with pioblems of mental 
health. 

Women also show theii traditionally gieater interest in people 
by their expressed greater interest in manners, personal qualities, and 
home and family jelationshtps 
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MONTH OF BIRTH AND AVERAGE INTELLIGENCE 
AMONG DIFFERENT ETHNIC GROUPS* 

7 cachets College, Columbia University 


R PlNTNER AND J B MaLLER 


The problem of the relationship between the month of birth 
and the physical condition of the newborn and the related problem of 
seasonal variation m the growth of the child have been studied by 
many investigators Sanders (15) has summarized and discussed 
this field in detail He refers to at least 16 investigations on the 
aveiagc weight of infants born m different seasons of the year. Of 
these 16 reports, 13 indicate that children boin in summer or in 
autumn aie heaviei than those born in the other seasons, two find 
no seasonal diffeiences and one favors the winter months 

These reports vaiy considerably with regard to number of cases 
and statistical pioceduic For example, Pcller and Bass m 1924 
reported on 2360 births The childicn born in summer showed an 
average weight of 80 to 87 gm greater than those born in winter 
Furthermore, 10 3 per cent of those born during July-Scptembei are 
below 2500 gm , whereas 15 3 per cent born during January-March 
vaiy below this weight These diffeiences aie said to be statistically 
reliable Similai findings are leported by Abels (1), Hansen (8), 
and Andersen (2), who leport that children bom in the fall weie 
heavier than those boin during the summci months 

On the other hand, Bienton (6) in 1922 repoiting on 2000 births 
finds no seasonal diffeiences in weight Sanders in describing and 
commenting upon this study believes the data to show incicase in 
weight in summer and autumn Sander’s own conclusion, after 
discussing each of the 16 reports, is that on the whole there appears 
to be “some increase in birth size in late summer and fall, but it can 
hardly be consideied significant” Reasons for this difference m 
weight suggested by several woikeis are, poor diet of the mother 
in winter, vitamin shortage in winter, incieased sunshine in summer 
There is, however, no general agreement as to such causative fac- 
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tors Bakwm and Bakwm (4) and Hcllmuth (9) found no con¬ 
stant seasonal vaiiatiou in birth weight 

In addition to such studies of weight at birth, Sanders reviews, 
many others dealing with seasonal vanations in gains in weight and 
height during infancy, the pieschool penod, and in later life The 
evidence, ns a whole, is suggestive, but by no means conclusive that 
greater gams are made in summer rather than in winter Balcwin 
and Bakwm (3) lCport that, in ceitain anthropometiic measuie- 
incnts, the differences wcic in favoi of those born in autumn and 
winter. Causative factors suggested bv various writers aie tempeia- 
tuie, nutrition, inadiation, cndocune activity, vitamin content of 
food at diffeient seasons, seasonal moibidity, and the like When 
we turn from physical to psychological factors, we find veiy few 
studies dealing with the IQ of the child as lelated to the month of 
birth, Blonsky (5) in 1929 found the highest mean IQ for chil- 
dicn boin in spring Pintner (13) then reported on 4925 cases and 
found the lowest mean IQ foi the wintci months, Januaiy to March 
The greatest seasonal differences was only 1 7 IQ points, but it was 
statistically reliable The outstanding feature of these data was the 
large number of cases involved and the possibility of dividing the 
total cases into three different social groups as described in the 
studv One factor, howevci, was not investigated, namely, the 
possible variations that might be caused by combining different 
ethnic groups It was suggested that ethnic groups might differ 
with rcfeience to seasonal biith rates The combination of different 
ethnic gioups differing in mean IQ might cause seasonal diffeiences 
in the average IQ due to the vaiiation in the proportion of births 
contributed by the various gioups during any given season These 
considerations have led to the pLesent study. 

Description - of Population 

Our sample of cases consists of children in Ncav Yoik City public 
schools belonging to three ethnic groups, namely, Italian, Jewish, 
and Negro. 1 All the children tested were enrolled in the fifth 
grade of the elementary school, thus constituting an educationally 
homogeneous group The Negro children were pupils of schools 

'For n description of diffeiences between ethnic groups see (12) 
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in Central Harlem with an cm oilment of 99 pei cent Negio pupils. 
The Italian and Jewish children were pupils of schools in which 
the population was predominantly (85-100 per cent) Italian or 
Jewish, respectively 


Monthly Birth Rates of Ethnic Groups 

We have studied the monthly birth rates foi the different ethnic 
groups both for the gioup of children actually tested and for the 
city as a whole. Table 1 shows the distubution of our 6353 cases 


TABLE 1 

Distribution of Fitth-Grade Puxuls by Month and Season of Birth for 

Children Tested 



Italian 

Jewish 

Neg 

0 

Total 

Month of bnth 

Number 

Ratio 

Number 

Ratio Number 

Rntio 

Number Ratio 

January 

188 

1 10 

25+ 

98 

103 

90 

545 

1 01 

Febmary 

164- 

1.06 

230 

99 

11+ 

1.09 

508 

1.03 

Maich 

171 

1.01 

286 

1 12 

123 

1 08 

580 

1 07 

April 

179 

1 08 

264 

1 07 

107 

97 

550 

1,05 

May 

172 

1 01 

269 

1 05 

123 

108 

56+ 

1 0+ 

June 

158 

96 

208 

8+ 

36 

78 

+52 

.87 

J»iy 

164- 

9d 

263 

1 03 

128 

1 12 

555 

1 03 

August 

138 

81 

283 

1 11 

116 

101 

537 

99 

September 

174- 

1 05 

269 

109 

115 

1 0+ 

558 

1 07 

October 

166 

97 

261 

102 

11+ 

I 00 

5+1 

100 

November 

172 

1 04 

204 

83 

98 

86 

+7+ 

91 

December 

162 

95 

208 

.82 

119 

1 04 

489 

.91 

Total 

2008 


2999 


1346 


6353 



Italian 

Jewish 

Negro 

Total 

Season of birth 

Number 

Ratio Numbei 

Ratio Number Ratio 

Number 

Ratio 

Spring 

522 


819 

1 08 

353 

1 04 

169+ 

1 06 

Summer 

460 

91 

754 

1 00 

330 

97 

154+ 

.96 

Autumn 

512 


73+ 

98 

327 

97 

1573 

99 

Winter 

51+ 


692 

93 

336 

1 10 

15+2 

98 

Total 



2999 


1346 


6353 



The table shows, for each ethnic group and for the total of all 
groups, the number of biitlis in each month as well as the ratio of 
the obtained to the expected numbei In computing the expected 
number, the number of days in each month was taken into con¬ 
sideration An inspection of the table shows marked differences 
in number and ratio fiom month to month Thus, we note that in 
the Negio group the lowest numbei of births occuried in June 
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As will be shown later, the average IQ for June was highei than for 
any othci month. Relatively low mean IQ s foi the total group 
occui Ill Decern he i to Mav, inclusive Relatively high mean IQ's 
occur from June to Novembci. If now we calculate the proportion 
of births for the different gioups for these two semi-annual intervals 
wc have the following: 


Period 

Italian 

Jewish 

Negro 

Tolal 

Junc-Novcmber 

48 5 

49 6 

+8,8 

49,6 

Deccmber-Mav 

51 5 

50 + 

51 2 

50 4 


Heie it will be noted that the Italians and Negroes contribute a 
laigcr pcicentage of births to the Decembei-Mny half year than docs 
the Jewish gioup. It appeals, then, that in our samples of the three 
ethnic groups theic are definite differences with regard to differ¬ 
ential hit tli-rate in the various months of the year When such 
groups, which differ also in aveiage mental ability, arc put together 
into one theie would result some seasonal differences in the latter 
factor. Whcthei the seasonal vaiiation in birth rate would hold 
true foi largei samples of these ethnic groups is still to be dctei- 
mined For the total population such information is available Table 
2 gives the number of baths recorded in New York City, by months, 

TABLE 2 

Number of Births—by Months 
New York City, 1910-193+* 

Month of birlh Number Daily rate 


January 

265,5 49 

356 9 

Felmia ry 

2+3,221 

358 7 

March 

270,968 

364,2 

April 

254,463 

353 4 

May 

249,586 

335 5 

June 

260,678 

362.1 

July 

265,080 

356 3 

August 

264,450 

355,4 

September 

250,235 

3+7 5 

October 

255,556 

343 5 

November 

237,225 

329 5 

December 

252,266 

339 1 

Junc-November 

1,533,22+ 

349 1 

December-May 

1,536,053 

351 3 


•The year 1918 was excluded because ihe data were incomplete 
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for the 25-year period, 1910 thiougli 1934 (the year 1918 is ex¬ 
cluded because data foi that year were incomplete). This tabula¬ 
tion is based on 3,069,277 birth lecords in the files of the Depart¬ 
ment of Health 

It will be noted that there was considerable variation and that in 
the six months, Decembci-May, theie was a somewhat larger num¬ 
ber of bnths than in the months, June-November, the difference 
being 2829 cases The genetal tiend of the daily birth-rate for 
each of the 12 months dining the 25-yeai period is shown in Fig¬ 
ure 1 


AVERAGE DAILY NUMBER Of BIRTHS BY MONTH 
NEW YORK CITY 



JiH fee Htn fi?* MAY JW( ML fiVt iLP OCT May 0(C 


FIGURE 1 

Distribution of IQ by Month of Birth 

The group of 6353 fifth-giade pupils included m this study was 
examined with the National Intelligence Test and the Pintner Rapid 
Survey Test 2 All the testing was done during the same month 

2 The authors acknowledge the cooperation of Dr Eugene Nifenecker and 
Miss May Lazar of the Buicau of Reference, Research, and Statistics, 
Board of Education, New York City 
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December 87.2 16 0 162 103 2 IS 5 208 89 6 ISO 119 94 5 191 4S9 



R PINTNLR AND J G MALLBR 


97 


Average IQ by Month of TIirth 

Table 3 shows the mean IQ, the standard deviation, and the num- 
ber of cases for each ethnic gioup and for the total group by month. 

The largest and smallest monthly means for each, group are as 
fol lows. 





Lowest mo 

nth ly 

Diff 

Population 

Highest monthly 

mean 

mean 

Difference 

Italian 

July 

89 4 

January' 

S5 4 

4.0 2.1 

Jewish 

July 

105 9 

May 

103 0 

2 0 1.8 

Negio 

November 

90 5 

March 

84,8 

5 7 2 5 

Total 

An gust-October 

96 7 

May 

941 

26 22 


The laigest monthly means fall in summei and autumn, wheicas 
the smallest means fall jn winter and spring The critical ratio, 


AVERAGE I. Q. 

BY MONTH OF BIRTH 



FIGURE 2 
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the dtffeience m terms of its standard crroi, is shown m the last 
coJumn 

The general trend of the averages bv month is shown graphically 
m Figure 2 The most sti iking is the curve foi the total popula¬ 
tion. This shows consistently higher means for the six months 
from June to Novembci, inclusive, and consistently lower means 
for the other six months of the year The curves for the three 
ethnic groups arc less sti iking, but the general trend in all of them 
is rather consistent. 

Sections If, now, we gioup the months into seasons, we have the 
results presented m Tabic 4. The lowest and highest seasonal 
means are as follows 


Highest 

Population seasonal mean 


Lowest Diff 

seasonal mean Difference 


Italinn 

Au tn run 

88 8 

Spring 

86 5 

2,3 

2 1 

Jewish 

Autumn 

105 1 

Winter 

103 6 

1 5 

1 5 

Negro 

Autumn 

89 2 

Spring 

85 7 

3.5 

2 6 

Total 

Autumn 

96 5 

Winter 

94 5 

20 

2 9 


We note heie that the highest means always occur in autumn, and 
the lowest means in winter and spring 
The differences in mean IQ arc small, ranging from 1 5 to 3 5. 
However, the difteience was consistent in the ethnic groups, and 
it approached statistical significance in the total population 

Half-year Giouptugs When the months are grouped in halt- 
year intervals, the results are seen in the following figures’ 


Population 

June- 

Novcmber 

Mean 

December- 

May 

Mean 

Difference 

Diff, 

°V utt 

Italian 

88 6 

86.5 

21 

26 

Jewish 

10 S I 

104 0 

1.1 

1 7 

Negro 

88 5 

86 8 

1.7 

1 8 

Total 

96.5 

94 7 

1 8 

3.6 


The mean IQ for the total population was 96 5 for the period 
June-November and 94 7 for December-May. The difference Is 
1 8 and statistically reliable, being 3 6 times its S D When the 
ethnic groups are considered individually, the differences although 
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not statistically significant, are consistently in favor of the June- 
November period 

Companion of Extremes,. The difference between the summer- 
fall and the winter-spring children expresses itself also in the ex¬ 
tremes If wc considei the proportions of cases of mental defi¬ 
ciency or feeblemindedness (IQ below 65) and the proportion of 
cases of veiy supenor intelligence (IQ above 130), we find the 
following comparison. Among those boin in the months of Junc- 
Novcmber there were fewer cases of mental deficiency than mental 
superiouty, the percentages being 4.6 per cent and 5 9 pei cent, re¬ 
spectively Among those born in Decembei-Mav theic were more 
cases of mental deficiency than of mental supcrioiitv, the propor¬ 
tions being 6.1 pei cent and 5 3 per cent, respectively 8 

Possible Causes of Far ration in IQ We have discussed the pos¬ 
sibility that differences in the monthly biith-iates of our ethnic 
groups may be the cause of the seasonal variation in the aveiage IQ 
We have seen, howevei, that this could not have been the sole 
factor, because the general trend of the vaiiation in IQ held true 
for practically all the ethnic groups It now remains to consider 
other possible causative factois The physical stamina of the child 
may have some connection with his geneial intelligence Children 
born during the waim months may have better health records than 
those born duiing the cold months Among the most significant 
indices of child health aie neonatal and infant mortality rates 

Neonatal mortality (deaths of infants under one month) is seen 
to be much smaller during the warm months Table 5 shows the 
number of neonatal deaths in New York City during 1931-1934 
The number of deaths for the total and for each ethnic gioup sepa¬ 
rately is definitely much smaller during the warm months. Theie is 

‘With reference to the dull and feebleminded wc have data collected by 
Mr. Rosenthal for S985 cases, with a mean IQ. oi 65 2 The means vary 
slightly from month to month The lowest monthly mean falls in February, 
but the highest falls in May. The lowest mean for three-month groupings 
is for December-Febru fl ry, but the highest is foi March-May The coo 1 
months (October to March) have a very slightly lower mean than the 
warm months (Apiil to September) None of the differences is statisti¬ 
cally significant. Out of SPSS cases, 27 more were born in the Decembcr- 
May half-year interval than in the remaining six months These data 
support the findings of the present study to some extent, particularly in 
regard to the lower IQ’s found among those born in the coldest part of 
the year 
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TABLE 5 

Neonatal Mortality—ry Months 
New York City, 1931-1934. 


Month of 
death 

White Negro 

Total city Total city 

Italian 
Neigh¬ 
bor¬ 
hood 5 

Jewish 

Neigh¬ 

bor¬ 

hoods 

Total 
N.Y C 

Ratio 

January 

1075 

123 

60 

55 

1198 

1 13 

February 

858 

121 

42 

43 

979 

1 01 

March 

1019 

142 

54 

49 

1161 

1.09 

April 

987 

131 

49 

45 

1118 

109 

May 

1010 

99 

45 

50 

1109 

1 04 

June 

872 

119 

39 

36 

991 

0 96 

July 

911 

99 

42 

41 

1010 

0 95 

August 

934 

116 

49 

41 

1050 

0 99 

September 

90S 

89 

43 

44 

994 

0 97 

October 

888 

107 

48 

47 

995 

0 94 

November 

849 

109 

46 

37 

958 

0 93 

December 

86S 

97 

43 

41 

965 

0 91 

Jnne-Nov ember 

5359 

639 

267 

246 

59 9ft 

0 96 

December-May 

5817 

713 

293 

283 

6530 

1.04 

Total 

11,176 

1352 

560 

529 

12,528 



much fluctuation from month to month, but the general trend is 
clear 

At the bottom of the table we note that the number of cases of 
neonatal mortality in New Yoik City for the summer-autumn 
months (June-Novcmber) was 5998, while in the winter-spring 
months it was 6530 The latio of the obtained to the expected was 
96 foi the summei-autumn months and 1.G4 foi the wintci-spimg 
months. The rates were 28 89 and 30 98 pci 1000 births, respec¬ 
tively. 

The trend for the ethnic gioups was consistent with that for the 
total population. Among the Italians, the numbci of cases of 
neonatal mortality was 293 for the Decembci-May months and 267 
for the June-Novembci months; the rates pci 1000 births wcic 
24,29 and 26 75, respectively Similaily, in the Jewish group, the 
number of cases of neonatal moitality was 283 for the Decern be r- 
May months and 246 foi the June-Novembcr months, the rates 
per 1000 bnths weie 25 25 and 22 92, respectively. The late of 
neonatal mortality is to some extent an index of the general vitality 
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of the children born Those born in the winter-spring months 
who survive have been subjected to greater physical strain than 
those born in the summer-autumn This may in turn result m a 
lower average mental capacity 

Infant Aloitahty Appl)ing the same method of analysis as in 
the case of neonatal mentality, we may study the monthly variation in 
infant mortality (those dying dunng the first year of life) Table 
6 shows the number of deaths foi 1930-1934 Again, we note that 

TABLE 6 

iNfANT MORTAIITV—BY MOUTHS 


New York City, 1930-193+ 


Month of 
ilentli 

White 

1 otaI city 

Negro 
Fotal city 

Italian 

Neigh¬ 

bor¬ 

hoods 

Jewish 

Neigh¬ 

bor¬ 

hoods 

Total 

NYC 

Ratio 

January 

2587 

3+9 

155 

117 

2936 

1.18 

February 

231 + 

318 

140 

110 

2632 

1 16 

March 

2658 

355 

16+ 

1+1 

3013 

1.21 

April 

2613 

322 

163 

12+ 

2935 

1.22 

May 

2+81 

307 

151 

123 

2788 

1.12 

June 

1900 

269 

100 

76 

2169 

0.90 

July 

1851 

226 

95 

80 

2077 

0.84 

August 

1900 

253 

121 

8+ 

2153 

0 87 

September 

1846 

200 

109 

86 

2046 

085 

October 

1891 

244 

110 

87 

2135 

086 

November 

1865 

2+8 

115 

79 

2113 

0 88 

December 

2039 

203 

153 

107 

22+2 

0.90 

Junc-November 

11,253 

1440 

650 

492 

12,693 

0.87 

December-May 

14,692 

105+ 

926 

722 

16,546 

1 13 

Total 

25,945 

329+ 

1576 

121+ 

29.239 



infant mortality is definitely lower in the summer-autumn months 
than in the winter-spring months Dunng the five-year period, 
1930-1934, the number of infants (less than one year old) dying 
in the warm months was 12,693, while the numbei dying in the 
cold months was 16,546. The ratio of the obtained to the ex¬ 
pected was 87 for the summer-autumn months and 1 13 for the 
winter-spring months The bntl>rate m the warm months is 
slightly lower (a difference of about two cases per day), but the 
rate of infant mortality is proportionately much smaller The rate 
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of infant mortality in the warm months was 47 28 per 1000 live 
births and in the cold months 61 12 per 1000 live births 

7his relationship is tiue also for the two ethnic groups. Among 
the Italians, the number of infants dying in the waim months was 
650 as compared with 926 in the cold months The rates pei 1000 
buths were 43 91 and 62,74, respectively In the Jewish group, the 
numbei of infants dying in warm months was 492 as compared with 
722 in the cold months. The rates per 1000 births were 34 55 and 
48.90, zespectively. 

Morbidity No comprehensive statistics of illness in infancy by 
month of year have been found We have, therefoie, taken the 
records of mortality due to congenital and early infancy diseases ns 
another measure of the general health of infants born during different 
months of the year The months showing the gieatest number of 
deaths from these causes are taken to be those rn which the general 
morbidity was highest. 1 This is shown in Table 7 During the 
six-year period, 1929-1934, the number of cluldien dying from con- 


TABLE 7 

Deaths Due to Congenital and Early Infancy Diseases—by Months 
New Yoik City, 1929-193+ 


Month of 
death 

White 

Negro 

Total 

Ratio 

J anuary 

1608 

193 

1801 

1.11 

February 

1363 

165 

1528 

1.03 

March 

1601 

196 

1797 

1 11 

April 

1+66 

206 

1672 


May 

156L 

153 

1714 

1 06 

June 

1313 

166 

1479 

0 94 

July 


151 

1555 

0 96 

August 


173 

1563 

0 96 

September 

1375 

129 

150+ 

0 96 

October 

1365 

158 

1523 

0 94 

November 

128+ 

155 

1439 

0 92 

December 

137 7 

141 

1518 

0 94 

June-Novembcr 

8131 

932 

9063 

0,95 

December-Mny 

S976 

105+ 



Total 


1986 

19,093 



‘This holds true also for certain children’s diseases such as diphtheria 
nnd scarlet fever These were more prevalent in the winter-spring months 
than in the summer-autumn months See Annua! Report of Depaitinent of 
Health, City of New York, 1928 
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genital and early infancy diseases duimg the suminei-autumn months 
was 9063 as compared with 10,030 foi the winter-spnng months, a 
difference of 967 cases The ratio of the obtained to the expected 
is 95 foi the June-Novcmbei months and 1.05 foi the Dcccmbcr- 
May months Foi the ten-year peuod, 1925-1934, for New Yoik 
City the numbei of deaths (due to congenital and early infancy 
diseases) for the June-Novembcr months was 15,738 and for the 
Dccember-May months 17,432, n difference of 1694 cases 

We have also tabulated the deaths due to puerperal diseases ns 
an index of the health of the mother. Health of the mother at the 
time of birth piobably affects the health of the offspimg. Table 8 


TABLE 8 

Deaths Due to Puerperal Diseases—by Months 


New York City, 1931-1934 


Month of death 

Number 

Ratio 

J anu n ry 

238 

1 12 

February 

233 

I 21 

March 

261 

1 23 

April 

237 

1 15 

May 

229 

1 08 

June 

191 

0.93 

July 

159 

0.75 

August 

206 

0.97 

September 

198 

0.96 

October 

142 

0 67 

November 

194 

0.95 

December 

211 

0 99 

June-Novembcr 

1090 

0'87 

Deccmber-May 

1409 

1 13 

Total 

2499 



shows the number of deaths foi tile years 1931 to 1934 The total 
numbei of deaths pei month is much less during the warm months 
than dining the cold months Dunng 1931-1934, the number of 
deaths in the June-Novcmber interval was 1090 and in the Decem- 
ber-May interval, 1409 The mtio of the obtained to the expected, 
in the last column, shows a larger figure for cveiy month duiing the 
Dccember-May mtcival as compaied with the June-Novembcr in¬ 
terval The mothers of children born duiing the June-November 
interval are apparently less weighted with illness than the mothers 
of children born during the other half of the year. 
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Comparison with Previous Findings As stated in the early part 
of tins report, Blonsky in 1929 studied 453 backward children and 
found the highest mean IQ among children born in spang Pintner 
in 1931 studied 4925 cases and found the lowest IQ among those 
born in winter. Pintner and Foilano in 1933 made a more extensive 
study with 17,502 cases divided into childien of low, median, and 
high social status They found the lowest mean to occur in the 
wintei months (Januaiy to March) for all three gioups of children 
The highest mean occuired in the spring months (Apnl to June). 

The findings of the last two studies are, to a certain extent, similar 
to our picsent findings Childien born in the coldest months of the 
year were found, on the average, to have slightly lower IQ’s In the 
present study we find that the drop in IQ begins in December and 
continues thiough to May. The Pintner and Forlano study showed 
that the drop also begins in December but continues only until 
March. With references to the spnng months there is, therefore, no 
agreement The one consistent finding is the lowered IQ in the 
months from December to Maich This, in general, is true, whether 
we divide our cases into different ethnic gioups as we have done in 
this study or into different social levels as in the previous study 
Although the differences in IQ’s aie small, they seem to be con¬ 
sistent and, in some of the comparisons, statistically reliable 

Summary 

1. Children boin in the summer-autumn months (June through 
November) show a highei average IQ than those born in the spring- 
winter months (December through May) This difference though 
small (18) is statistically significant, 3 6 times its standard cnor 
Each of the six months of the former group has a higher average 
than each of the months in the latter group The lowest of one 
gioup is higher than the highest of the other group This general 
difference in favor of the summer-autumn months held tiue in each 
of the ethnic groups studied' Italian, Jewish, and Negio 

2 When the data aie considered by individual months (or 
periods smaller than half-year intervals) and by ethnic groups, the 
results are not so consistent as for the total population. This indi¬ 
cates the need of considering the ethnic factor in studies of this kind. 
The comparison between the warm and the cold months, however, 
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do show a consistent difference in favoi of the warm months, June- 
Novcmher, for all the ethnic groups under consideration. 

3 Vital statistics favor the warm months (June-November) 
These months show a lower i.ite of infant mortality, neonatal mor¬ 
tality, deaths due to congenital and early infancy diseases, and deaths 
due to pueiperal diseases. 

Before general conclusions aie drawn from this investigation, it 
should be rcmembeicd that our population consisted of children all 
of whom were enrolled in Grade V of the elementalV schools of 
New York City This homogeneity, though advantageous from the 
point of view of reducing the number of vaiying factois, might in 
itself be a selective factoi causing seasonal variations Thus, the 
children within a given school giade, those whose birthdays fall in 
one part of the }'ear, might as a group be slightly older than those 
born in anothei pait of the year. The oldei children are usually 
duller than the younger ones within the same giade This might 
result in an appaient lelationship between the season of birth and 
avciage intelligence 

In the “population” described in this study, there seems to be 
evidence that those horn in the warm months (Junc-Novcmbei) are, 
on the average, brighter than those bom in the cold months (Dccem- 
bei-May) This general drfteience lias been noted in each of three 
ethnic gioups: Italian, Jewish, and Negio children. The same 
difference in favor of the warm months was found to hold true in 
several aspects of infant vitality, as levcalcd in health statistics 

The ethnic character of the population seems to be an important 
factor in studies of seasonal variation Many of the contrachctoiy 
results in the lealm of physiological and anthiopomctric chniac- 
teristics of infants born in diffeient seasons aie probably due to 
differences in the ethnic character of the population on which those 
studies were based. 
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A METHOD FOR THE QUANTITATIVE ANALYSIS 
OF HUMAN GAIT* 1 

Training School, I'itteiaiid, New Jersey 


George Kreezer and A, Douglas Glanville 


A Introduction 

In the present paper, a method is desciibed for the quantitative 
analysis of human gait The method has been devised in an attempt 
to piovide ways for the analysis of complex motoi functions in 
general It was felt that the possibilities in this dnection might be 
bettei envisaged if conciete data weie first obtained in connection 
with a paiticular case of complex motoi activity Walking was 
selected as an example of an impoitant motor activity which lent 
itself to analysis by means of the type of method which wc wished to 
examine 

The cential idea behind the method of analysis proposed is that 
all complex motor activity consists essentially of a tempoial organiza¬ 
tion of movements of which the components aie the positions and 
movements at individual joints The task of describing such motor 
activities becomes, then, that of specifying the particulai positions 
and movements which occur at the vaiious joints involved, and of 
indicating the manoei in which these component movements aie 
organized in the total act. A descuption of this soit should tell us 
of the precise way in which the “bodily maclunciy” opci.itcs duiing 
motor activity, and should piovide the data on the basis of which 
the undcilying nemological mechanisms may be investigated 

In the case of walking, then, oui problem has been to find ways of 

‘•‘Received in the Editorial Office on July 13, 1936 

*We should like to expiess oui appreciation to Dr Edgar A Doll, Directoi 
of the laboratory, who, on the basis of lus previous investigations of the 
birth-injured, encouraged us to develop methods for the quantitative analy¬ 
sis of human motor functions A condensed version of the present paper 
was read at a meeting of the New York Branch of the Amencnn Psycho¬ 
logical Association, April, 1936 
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measuring the principal component movements and positions at 
individual joints, and to detciminc the manner in which they aic 
organized or intei coo id mated in the course of the walking sequence 
The provision of ways for detcimming these facts is the pnncipal 
aim of the present method 2 It is also important, howcvei, in the 
analysis of gait to take into account the 1 elation of the individual to 
gravitational forces Consequently, properties concerned with the 
nature of the base of suppoit and its lclation to angulai movements 
at various joints have also been considered. 

n Tpciiniquls Usfd in Anaiysis or Gait 

The principal steps involved in the piescnt method foi the analy¬ 
sis of gait .ue as follows* (1) Motion pictuics are taken of the 
subject walking under certain standaid conditions (2) The indi¬ 
vidual motion-picture fiamcs are projected one at a time, and 
mcasuicments made of the angular positions at hip-, knee-, and ankle- 
joints On the basis of these measuiements, giaphs aie constructed 
showing the changes taking place concur!ently at hip, knee, and 
ankle-joints as a function of time, as the subject walks (Figure 2) 
(3) On the basis of these graphs and of fui tlier measuiements upon 
the individual frames, a large number of functionally impoitant 
properties of gait ate determined in quantitative teims (4) As a 
supplement to these quantitative deteiinitiations, an examination of 
the subject’s gait is also made on the basis of the motion pictures 
piojected at the standard inte, and an estimate made of the nature 
of certain cliaiactcristics of gait observable under these conditions 
These estimates pi ovule what may be regarded as a qualitative de¬ 
scription of the walking sequence which may be compaied with the 
results of the quantitative proceduies referred to above They also 
provide information concerning certain characteristics of gait foi 
which wc have not yet provided quantitative methods of determina¬ 
tion We may now examine in moie detail the various procedures 
used in connection with the steps just mentioned. 

1. Conditions Uudet Which Motion Pictures Ate Taken. The 
subject is instructed to walk at a modeiate late upon a thin mat, 

"For a preliminary description of this method and its plnce in a more 
general program for the investigation of the physiological basis of human 
motor activities, see Kieezer (10) 
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marked off with refeiencc lines, winch is laid upon the flooi. Photo¬ 
graphs are taken of piofilc, fiont, and back views of the subject’s 
gait, that is to say, views in which the subject walks back and forth 
at right angles to the optical axis of the camera, and views ■with 
him walking directly towaid and away from the camera It is 
desirable, during the taking of the pictuie, that the subject wear 
some type of costume that will not obscuic the body contouis. In 
the taking of the profile pictures, the camera was located at a dis¬ 
tance of about 30 ft from the subject Its height was adjusted to 
coi respond about to the level of the hip joint In the investigation 
of adult subjects, it was kept constant at a level of 3 ft 6 in, In 
the taking of the piofile pictuies, the subject walks ovei a distance 
of about 15 ft., this distance subtends an angle of about 30° at the 
cameia In the taking of the front and back views, the subject walks 
between points at distances of about 24 ft and 40 ft. from the 
camei a 

The mat upon which the subject walks is marked with lefcrence 
lines to indicate his location at any given moment. The mat is 
about 18 ft by 4 ft in size, dull black in color, and marked with 
white lines which cross each othei at right angles Lines running 
parallel to the direction of pi egression are referred to as longitudinal 
lines, and lines at right angles to these, as tiansveise lines The 
distance between longitudinal lines is 25 cm and between trans¬ 
verse lines, 50 cm Behind the subject a dark curtain is bung to 
provide a background Against it bang a number of white-tape 
plumb-lines, placed at regular intei vals to indicate in the pictures 
the exact diiection of the veitical. 

At one side of the field of view is placed a clock-dial, marked 
off in 16 equal divisions. A pointer, driven by a Tclcchron syn- 
chionous motoi, ievolves mound this dial once a second This 
clock is used to piovide a check on the camera speed, and is a method 
for numbering the successive motion-pictuic frames A standard 
camera speed of 16 fiatnes per sec was gcncially used, a speed of 
32 frames pei sec may be used, however, when shorter tune inter¬ 
vals between successive pictures are desuect The nature of the 
pictures obtained under the standard conditions is illustrated in 
Figure 1 

As indicated above, a walking distance of 15 ft was used in the 
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FIGURE 1 

Sample of Motion-Picture Frames Used in thf Analysis of Gait 
(rf) Profile view used in mensuiements of joint-angle (adult subject) ; 
(J3) bock view used in measurements of widlli of base, ( C ) profile view 
of child shortly after learning to walk without support 
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taking of piofile pictures This lange was found sufficient for 
pioviding the data consideicd necessary in oui initial, exploratory 
studies of gait. Foi certain studies of gait, by means of the method 
described, it might be desirable to piovide for pictures of the subject 
walking ovei a greater distance 

2 Meant/ements of Joint-angle and Resultant Giaphs The 
successive motion-pictuie frames obtained of the gait of the subject in 
piofile aie pi ejected, and measurements made of the anguhu posi¬ 
tions present at hip-, knee-, and ankle-joints, respectively, of each 
of the two legs In the establishing of normal adult standards, the 
pictures used weie those in which the light side of the subject is 
toward the camcia The particular angles measured at each of the 
joints is indicated in the diagrams of the various joints shown in 
Figuic 2 Measuiements aie made by means of a laige celluloid 
protractor oi goniometer designed for the puipose A diagram 



FIGURE 2 

Joint Movements in Walking 
N ormal adult—right leg (explanation in text) 
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FIGURE 3 

Diagram oi Pro ntAcroa Used in Measurements or Angui ar Position at 

Various Joints 

Arc is graduated in half-degree units 


of tins protractor is shown in Figmc 3 3 Measurements are facili¬ 
tated, if the screen used for piojection of the pictures is rigid and 
stable, as provided, for example, by a large sheet of cardboard 
placed flat against a solid wall To permit accurate use of the pro¬ 
tractor, the projected pictuies should not be too small A scale 
of projection in winch the height of the individual was represented 
by a 10-in extent on the screen was found to be satisfactory and 
was adopted as a stand a id condition in our investigations. 

The procedure found to be most accurate and convenient in the 
carrying out of the measurements may be illustrated by the steps 
followed in making measurements at the knee-joint The protractor 
is placed Hat against the screen and adjusted until the fixed arm 
{«) of the piotractoi coincides approximately with the central axis 
of the thigh, and is parallel to it. The movable arm (A) of the 
protractor is then moved until it u> paiallel to the axis of the leg. 
If it docs not coincide approximately with the cential axis, it is 
either because the fixed arm is displaced to the side of the axis of the 
thigh or because the end of the fixed arm of the protractor is too 
high or too low, so that the pivot does not he appioximately over 


8 A protractor of the sort described was made for us by Theodore Afteneder 
nnd Sons, Philadelphia. 
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the fulcium of the joint (Figuie 4G) Adjustment of the posi¬ 
tion of the fixed piotiactoi arm may be made accoidinglv, and the 
movable arm adjusted again It is apparent, however, from Figure 4, 



FIGURE 4 

Diagram of Use or Protractor in tiil Measurlmen r or Joint-Ancle 

Diagram illustrates the fact that the essential requirement for a correct 
measurement is that protractor arms be parallel to the axes of the body- 
membeis adjacent to the joint (Further explanation in text) 

that it is not nccessaiy, in obtaining a measuic of a given joint-angle, 
for the pivot of the piotiactoi to lie over the fulcrum of the joint, or 
for the ccntcr-lmcs of the protiactoi aims to coincide with the estimat¬ 
ed axis of the thigh and the leg of the subject. The accuiacy of 
measurement tends to be greater, hotvevei, if the piotiactoi arms 
coincide appioximately with the cential axis of the membeis adjacent 
to the joint. The use of a tianspaient matenal tn the constiuction 
of the piotiactoi and of i datively thin, black lines engiaved clown the 
center of the aims aids in the making of accmate measurements, since 
they i educe to a minimum the distention and blocking out of the con¬ 
tours of the body-mcmbcis. These conlouis seem to piovide the 
most valuable pciceptivc cues in the accmate placement of the protiac¬ 
tor arms, After some practice, a considerable degree of accuracy may 
be attained in the measuiement of jomt-anglcs, as indicated by the 
figures on the piobable error of a single mcasuie lepoitcd below 
On the basis of measurements made of successive ftames, graphs 
such as those shown tn Figure 2 may he constiucted These graphs 
exhibit the changes taking place concunently at hip-, knee-, and 
ankle-joints as a function of time !or the light leg The use of a 
common time axis piovidcs a biid’s-eve view of the tempoial organ- 
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ization of the movements at the various joints and aids in the deter¬ 
mination of the intei iclations between these movements in the carry¬ 
ing out of the complex activity We have not come acioss any pre¬ 
vious report in the literature of a method foi providing such graphic 
records of angular changes at the joints during walking 

It is convenient to mark out certain points and intervals on the 
graphs on the basis of then functional significance in the act of 
walking We may considei, fixst, certain obvious fcatuies of the 
walking sequence As an individual walks, the two legs alternate 
in then support of the body. The interval during which a given leg 
is m contact with the giound may be called the gi ound stroke; the 
interval dining winch it moves forwaid thiough the an, the recovery 
stroke The moment the left foot first strikes the ground, at the 
beginning of its giound stroke, is labeled Stage I, the coucsponding 
moment at the beginning of the giound stroke of the light leg, Stage 
III Stages II and IV refer to intermediate moments, Stage II oc¬ 
curring during the ground stioke of the left leg, and Stage IV during 
the ground stroke of the right leg These intermediate stages are 
a little difficult to describe, although readily recognized in the pic- 
tuies. The essential feature is that the body is supported on one leg 
in an apparently stable position relative to gravitj' A veitical line 
drawn fiom the trunk to the giound would pass thiough the base 
of support, and the various parts of the body seem to be symmetri¬ 
cally distributed about this veitical axis The particular fmines at 
which the various stages occur is determined by moving along by 
hand, at a moderate speed, the successive flames in the projector 
A complete cycle of change in the walking sequence consists of an 
inteival lying between two successive repetitions of the same stage. 

Underneath the set of cuives showing joint-angle as a function of 
time, two horizontal lines aie drawn to indicate the time during 
which the heel and toe, respectively, aie m contact with the giound. 
The liotizontal line drawn under the curve foi the hip-joint shows 
the tunc during which any pait of the foot is in contact with the 
ground It may, therefore, be regarded as a resultant of the heel 
and toe records A solid line indicates contact with tile ground, a 
broken line indicates lack of contact The “foot-contact’' line in¬ 
dicates the duration of the groflnd stroke, since the ground stroke, 
by definition, represents the interval duiing which any pait of the 
weight-bearing leg is in contact with the ground. 
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A set of giaphs similai to those show in Figure 2 is constiucted 
to lepiescnt movements occuning at the joints of the left leg. The 
foim of the curves is similar, theie is, howcvci, a displacement in 
phase—the angular positions occuning in the light leg at Stage I, 
not occurring in the left leg until Stage III, one-half cycle latci, has 
been reached 

3. Ptotedmes foi Measunvg Famous Pjo/>eifies of Gait. We 
may now considei the various piopcitics of gait which can be de¬ 
termined in a given subject, and the specific pioccduies used for the 
puipose 

a Evtent of joint-movement dining a single cycle The extent 
of joint movement duimg a cycle may be specified foi each joint 
in tcims of (a) the maximal nngulai position icached, (b) the mini¬ 
mal angulai position icached, and (c) the maximal langc of angular 
motion occmring duiing a cycle beginning at Stage I These char¬ 
acteristics aie detennmed by lefeience to the giaphs to identify the 
frames in winch the maximal and minimal angular positions occur 
and by lefeience to the data tables foi the exact values By maximal 
position is meant the highest point reached in the cuive for a joint 
during a single cycle, and by minimal position, the lowest point 
reached. The teims are not synonymous with the mathematical use 
of the terms maximum and minimum, which stand foi places where 
the slope of the cuive is reversed in passing through a point of zero 
slope It is appaicnt that a mathematical maximum, as in Fiame 
12 of the curve for the knee-joint (Figuie 2), is not necessarily the 
highest point leached during a complete cycle The characteristics 
we aie concerned with here aie the highest maximum and the lowest 
minimum The maximal tange of angulai movement lefeis to the 
difference between the maximal and minimal angulai positions. In 
dctei mining these thiee characteristics foi oui table of noims, the 
initial cycle in the graph, lying between successive Stage I points, is 
used 

b Faun of the curves tepi esenting angulai changes at the 
joints Ideally, the form of the curves shown in Figure 2, would be 
specified by mathematical equations We have not tried, howcvci, 
to derive equations for descnbmg these cuives, but have limited our¬ 
selves to a description in empirical teims An inteival of the curve 
covering a single cycle is first labeled in accordance with the num- 
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ber of waves appealing tluougliout a cycle By a wave is meant 
the part of the cuive lying between two successive tioughs or mathe¬ 
matical minima Waves which arc less in amplitude than 4°, meas¬ 
ured from trough to peak, are not considered, in view of the deter¬ 
minations made that the probable eiror of a single measure is about 
1° for measurements at hip-, knee-, and ankle joints 

Examination of the curves of a group of normal adults shows, 
as is also appaicnt m the curves of Figure 2, that at the hip-joint 
only a single wave occuis during a cycle, at the knee-joint two waves, 
and at the ankle-joint two fundamental waves, though theie may 
be smaller waves supciimposed upon the larger waves. In the case 
of the curve foi the knee-joint, the initial wave, beginning about 
half way between Stages IV and I is called the "A" wave, and the 
succeeding small wave beginning just bcfoie Stage III is called the 
"li” wave Similaily in the case of the ankle, the wave beginning 
shortly aftci Stage I is called the ,r d” wave, and the wave beginning 
at Stage III, the "B" wave. 

The following chaiacteristics of the individual waves may now be 
measured. These characteristics have been selected as providing an 
empirical description of the foim of curves of the soit found among 
normal subjects The chaiacteristics examined are amplitude of the 
rising limb of the wave (a), amplitude of the succeeding falling limb 
(b) t the diffeience between amplitudes of the rising and falling limbs 


(a~b) y ratio of using and falling limbsthe phase of the maxi¬ 
mum point of the wave ^ and the fraction of the total period 
occupied by the total w.we^ Tile meaning of these terms is 


illustrated in Figure 5, The lising limb of the wave repiesents the 
interval between the peak of the wave and the preceding trough. 
The amplitude may be readily determined by subtracting the angulai 
position representing the trough fiom that representing the peak In 
the case of the hip, the rising limb of any wave represents an intei val 
of ventral flexion; in the case of either of the “knee-waves,” an 
interval of flexion; and in the case of the "ankle-waves,” an inter¬ 
val of dorsi-flexion 
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FIGURE 5 

Diagram Showing the Characteristics Which Ark Measured upon a Givin 
Wave in tut Determination or the Form oi the Curvls of 
Angular Movcmfnts at the Joints 
The curve shown is of movement at the knee-joint. 

Similaily, tile falling limb of a wave includes the interval be¬ 
tween the peak and the succeeding trough, and repicsents an interval 
of dorsi-flexion for the “lup-waves,” extension for the “knee-waves,” 
and plantar flexion foi the “ankle-waves,” 

The phase at any point of the wave is defined as the fiactional 
part of the cycle that has passed by the time that point on the wave 
has been reached—the tiough at which the " A” wave begins being 
regarded here as the beginning of the cycle The phase of the 
maximum point of the wave may, thus, readily be detci mined by di¬ 
viding the time required in the cycle foi the maximal point on the 
wave to be icached by the />euod of the curve The penod is defined 
as the duration of one complete cycle, in accoidance with the con¬ 
ventional use of this tcim m describing wave pioperties The use of 
the term phase here is also analogous to its mathematical use, as the 
teirn is used, foi example, in the description of sound waves and alter¬ 
nating electrical currents and potentials 

c Angle of foot axis Bv the angle of the foot is meant the 
angle lying between the long axis of the foot and the direction of 
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progression of the individual, at the times when the foot is in con¬ 
tact with the floor, as illustiated in Figure 6/1 



FIGURE 6 

Diagrams to Illustrate thi Mltiiod Usfd in Mrasuremeni or tup 
Direction or nrc Four Axis Relative jo thl Direction of 
Progression {'‘Angle or Poor Axis”) 

A number of cailier woikeis have investigated this characteristic 
of gait by obtaining records of the foot punts made dining the course 
of walking. Vicrordt (21) attached styluses at different parts of 
the shoe and thus obtained lecoids of the places where different parts 
of tile foot made contact with the floor Dougan (5) obtained 
records with hob-nail shoes and carbon paper. Shirley (19), in a 
recent investigation of motor development in childien, covered the 
bottoms of the feet with an oily solution and obtained records of the 
footprints upon paper A similar procedure was used by Bum- 
side (2) 

It is possible, however, to dispense with such procedures and to 
dcteimine the angle of "toeing-in” and “toeing-out” during walking 
on the basis of measurement made from the moving-picture records, 
coupled with simple trigonometric calculations. The measurements 
necessary arc made upon the moving-picture frames obtained with 
the subject walking directly toward the camera The method of 
calculation is illustrated in Figme 6 

Line IiT or / represents the length of the axis of the foot H repre¬ 
sents the heel, and T the end of the second toe Line HA is a 
line paralled to the direction of progression and line TA or d repie- 
sents the length of the perpendiculai dropped to the line HA. The 
angle ft may readily be determined if the lengths of lines / and d 
. . d 

are known, since ft = arc sin — If d and f are known, the value of 

f 

the angle may be determined from a table of trigonometric sines 
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The length / may be most easily determined by direct measui ements 
of the length of the subject’s foot The distance d can be determined 
from the motion-picture records In doing so, however, it is neces¬ 
sary to take into account the scale of reduction of extents in the pro¬ 
jected pictures relative to the tiue extents, and the fact that the 
scale of reduction vanes with lines lying at different distances fiom 
the camera. 

These facts are lepiesented m Figures 6 A and 6 B. Figure 6A 
represents the tiue angles and extents associated with the position of 
the foot, Figure 6 B, the appearance of Figuie 6 A as seen in per¬ 
spective in the projected motion-picture frame Coiresponding 
points on the two figmes are labeled with the same letters, those in 
Figure 6 B being primed. Lines CB and ED repiesent longitudinal 
reference lines maikcd on the mat over winch the subject walks 
Tbeir distance apart is 25 cm 

Our problem is to determine the length of T/l oi d on the basis of 
measurements made upon the projected picture (6 B) A method for 
doing so is given by the following steps 


CH—BT 


( 1 ) 

( 2 ) 


CII= - (25) 

9 

b 

BT-= - (25). (3) 

h 

The last two steps consist simply in determining the true lengths 
corresponding to the lengths a and b measuied on the projected 
pictures (The tiue distance conesponding to extents g and h is 
known to be 25 cm ) 

la b \ 


d = 251 


(4) 



(5) 


(6) 
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In determining the angle of the foot axis at each successive step, 
it is necessary to measuie foui distances on the screen and the 
length of the foot 

d. Width of the base of support By the width of the. base 
of suppoit is meant the tiansverse distant apart of the two feet in 
successive contacts with the floor, measured horn the location of 
the ccnteis of the heels. This chaiactenstic is illustrated m Figure 
]J, which icpicscnts the position of the two feet on the ground as 


Di rcthon 



7 A |®1 73 

FIGURE 7 

Diagrams to Iuustrate the Method Used in Measurement or the 
Width of ihe Base or Support 

seen by an obseiver looking down on the flooi from above. The 
width of the base of support is lepiesentcd by the distance w in thc 
figure This cliniacteristic of gait, like the angle of the foot axis, has 
been dctcimined by a numbei of picvious mvcstigatois on the basis 
of recoids taken of the footprints made dunng the act of walking 
Repoits aic given, fui example, by Vicioidt (20) Burnside (2), 
Shirley (19), and McGraw (11) concerning the magnitude of this 
cluiactcristic undci diffcient conditions The width of the walking 
base may, liowevei, also be determined on the basis of the motion- 
pictuie recoids alone. 

The pictures used for this pm pose are those taken with thc sub¬ 
ject duectly in front of the camera and walking away fiom it Meas¬ 
urements are based on the points where the heels make successive 
contacts with the floor. The method for determining the magnitude 
of iv in Figure 7 A is similar to that used foi detcimining the dis¬ 
tance d in Figure 6, as described in thc pievious section The method 
is illustrated in Figuies 7 A and 7 B> and is designed to take into ac¬ 
count the difference in the scale of reduction in the projected pictuie, 
of transverse lines at different distances from the camera. 
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Figuic 7 A represents the locations of the two feet as they would 
be seen by an observer looking down at the floor fiom above, Figure 
IB, the appearance of the same view as projected on the screen from 
a motion-picture record. 

Corresponding points in the two figures are labeled with the same 
letters, those in Figure 7B being pnmetl Lines CB { G'B ') and 
ED {ED ) repiescnt lines on the mat running parallel to the direc¬ 
tion of progicssion They lie at a distance of 25 cm apart Points 
L (L) and R (R ) indicate the points of contact of the centers of 
the left and right heels, respectively, with the floor. 

Our problem is to determine the distance iu (Figure 7 A) on the 
basis of measurements made of extents represented in Figure IB A 
method for doing so is indicated by formula (5) below It is derived 
as follows. 

w = BR—CL (1) 

BR^~ (25) 
h 

CL=^{25). 

Q 

25 b 25. 

BR—CL - 

/' 9 

w —25 I—- 

V 

All measuicmcnts are in cm. It thus becomes necessary in the 
pictures to measure only distances b, h, a, and g . Substitution in 
formula (5) gives the coiresponding value for the width of the base 
for that particular step In making these measurements, it is ob¬ 
vious that the heels of the right and left feet will not ordinarily be 
in contact with the floor at the same time Consequently, the frame 
showing the right heel in contact is first projected and appropriate 
measurements made, and then the film is moved along until the 
frame appears in winch the left heel makes contact, and so on for a 
number of successive steps. 


( 2 ) 

(3) 

(4) 
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e Distances covered by successive steps The chaiactenstics in¬ 
cluded under this heading arc length of step and what we call the 
wave-length, in analogy to measurement of wave-length in waves 
propagated through space, as in the case of lightwaves and sound¬ 
waves. The profile pictuies showing the subject walking at right 
angles to the camera aie used in the determination of the length of 
step. The method of measuiement employed is exactly like that used 
in the deteimination of the width of the base as already descubcd 
Length of step is defined as the longitudinal distance between the 
toe of the rear foot and the heel of the forward foot 
By wave-length is meant the space tiaversed between the Stage I 
points of two successive cycles It thus represents the space traversed 
between the time the left heel first stnkes the floor in two successive 
cycles. It may be determined by taking the sum of the lengths of 
the steps ending at Stages III and I and the lengths of the two feet 
/. Period The period represents the time required for a com¬ 
plete cycle and is determined by counting the number of motion- 
picture frames occuinng between two corresponding points of two 
successive cycles, e g, between two successive points rcpiesenting 
Stage I. Each frame interval corresponds to 1/16 sec. A check on 
the speed of the camera is provided by the record made on each 
frame of the position of the clock-pointer on the dial 

g. Fiaction of a period for various stage intervals The dura¬ 
tions of the Stage intervals I to II, II to III to IV, IV to I, and the 
related intervals I to III, and III to I are readily determined from 
the graphs of the angular changes at the joints as a function of time 
The ratio of the time required for each of these intervals, to the 
total period of a cycle, indicates the relative time occupied bv the 
various intervals of activities making up an entire cycle of change. 

U Velociiy. The velocity of the gait may be determined by di¬ 
viding the zuave-length or distance traversed during a single cycle 
by the period or duration of the cycle in seconds. A knowledge of 
the velocity of gait is of interest principally in relation to the nature 
of the gait mechanisms associated with a particular velocity in a 
given type of subject. 

i. The position of the ttunk relative to the vertical axis. This 
measurement is made by determining the angle made by the axis of 
the trunk with a line perpendicular to the floor. The direction of 
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the vertical is represented in the pictures by the white plumb-lines 
which lie against the black backgiound This measurement might 
obviously be made in each successive frame, just as was done for the 
angular position at vanous joints We have limited ourselves to 
determining the position of the trunk relatrve to the veitical at each 
of the stage positions 

4 A Checking Scheme foi Qualitative Description of Gait In 
our investigations of the mechanism of gait, a proccduie foi dcsciip- 
tion of various featuies of gait on the basis of “qualitative estimates,’’ 
has been used to supplement the quantitative procedures described 
above The schema used for this pui pose permits a systematic, 
though rough, appraisal of a large numbci of tile characteristics of an 
individual’s gait It may, therefore, be used in certain investigations 
as a preliminary to more precise quantitative determinations, or to 
provide a means for a rapid description of an individual’s gait when 
time is not available for the use of the quantitative procedures 

It will be noted that the schema given below includes certain 
chaiacteristics for which quantitative methods of determination have 
been described above, and also others for which we have not yet 
worked out quantitative methods. For many of them, quantitative 
methods of determination similar to those alicady descubcd might 
readily be devised. 

A checking procedure has been found to be most convenient in 
the use of the schema. Each characteristic of gait listed is examined 
in turn and the particular vanant of that characteristic found to be 
present is checked. Where the difteicnt variants pioposed aic not 
adequate foi the description of an individual’s gait, additional notes 
may be added for the purpose 

It will be noted that, in the case of many of the chaiactenstics 
listed, the variants mentioned piesuppose a knowledge on the part of 
the observer of the characteristics of normal (adult) gait The 
schema cannot, therefore, be used with much .issuinncc of accuracy 
until quantitative determinations have first been made of the limits 
of vaiiation in the gait of normal adults, these results used in the 
definition of the vanous categories, and the observer trained in their 
use Prior to the acquisition of such data, the obseiver must depend 
on his impressions of the characteiistics of noimal gait as obtained 
from gross observation, and he cannot attribute any gieat reliability 
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to Ins reports upon individuals examined on this basis It is apparent 
that the observations necessary for the use of the schema might be 
made either of motion pictuics taken of gait or directly upon an indi¬ 
vidual walking 

The list of characteristics proposed for examination follows After 
the name of each characteristic, a list of variations in this character¬ 
istic that may be piesent in the gait of a particular individual is 
given The first-named variant is that presumed to be present in 
normal adult gait 

I Relation of Feet to Giovtid 

A Width of hose of support, normal width, unusually 
wide, unusually narrow 

B Direction of toes (angle of foot axis)' point straight 
ahead, point in, point out 

C Length of step normal length, unusually long, unusual¬ 
ly short 

II Movements of Legs 
A, Recovery' stroke 

1 "Take off” from toe, flat-footed, 

2 Clearance of ground In foot normal clearance, foot 
drags, excessive clearance (as when subject steps too 
high) 

3 Manner of clearing 

a Movements at hip flexes with leg in longitudinal 
plane, flexes with leg in non-longitudinal plane, 

circumducts thigh, 

b Movements at knee knee flexed, knee straight 
c. Movements at ankle foot in longitudinal plane, 
foot not in longitudinal plane 
B Ground sit oke 

1. Forward contact heel first, flat-footed, toe first 

2. Leg form normally straight, excessively flexed, ex¬ 
cessively stiff 

III Movements of Anns 

A Range of swing: normal range, excessive range, defi¬ 
cient range (or absent), arms held outstretched 
B Direction of swing slightly diagonally ncross body, 
abnormal direction (specify nature) 

C Timing with legs synchronized with opposite leg, not 
normally synchonized (specify nature) 
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D Tension in arms normally relaxed, stiff 

IV Position of Head 

A Profile view normally erect, ventrally flexed, dorsally 
flexed 

D Back or fiont view normally erect, right lateral 
flexion, left Intelal flexion 

V Position of Trunk 

// Profile view normally erect, ventrally flexed, dorsally 
flexed 

B Front or back view normally erect, right lateral flexion, 
left lateral flexion 

VI Fatal Character istics 

A Gince normally graceful, clumsy, tendency to stumble, 

B Rhythm; regular, irregular 

C Special defects, 

Errors Involved in the Measurements 

In order to property evaluate tesults that may be obtained by the 
use of the various measuring procedures dcscnbcd above, it is neces¬ 
sary to know the magnitude of the eriois to which these techniques 
of measmements ate subject The possible types of criors may be 
considcicd under the headings of accidental 01 chance errors and 
constant etrors 

1 Accidental Errors, Accidental eirors in any proceduie of 
measurement lead to valiability in the results of a scries of repeated 
measurements upon the same object The magnitude of the varia¬ 
tions likely to occur in sucli repeated measurements may be indicated 
by the calculation of the "piobable enor of a single measure ” A 
small probable crior signifies a high degree of piccision of the parti¬ 
cular technique of measurement used The techniques for which we 
have obtained estimates of the “piobable error of a single measure” 
are * (1) the measurements of the angle at the hip-, knee-, and ankle- 
joints (2) the detciminations of the angle of the foot axis, and (3) 
the determination of the width of the base of support 

n Angular position at hip-, knee-, and ankle-joints As suggested 
above, the determination of the “piobable error of a single measure” 
requires a large number of repeated measmements upon the same 
physical object Consequently, determination of the precision of 
measurement of angular position at any one of the joints would re- 
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quire ,1 senes of measurements upon a motion-picture frame showing 
tlic joint at one paiticulai position The obtained index of the 
precision of measuiement at that particular position might not, how¬ 
ever, adequately represent the piecision obtainable with the joint 
at other angulai positions Determination of the precision at all 
positions of a joint during a cycle would be unduly arduous, and 
not justifiable in an exploratory senes of studies We have, there¬ 
fore, attempted to obtain an estimate of the average precision of 
measurement at each of the joints throughout an entire cycle by 
means of the following procedure. 

Measutetnent of the successive flames necessary foi construction 
-of a set of graphs was repeated three times We thus had three 
measures of each position of a particular joint throughout the cycle. 
"Each set of thiec measures was averaged and the deviations of each 
mciisuie in the set from the average of the three was obtained AH 
these deviations (19 x 3 = 57) were then collected togcthei and re¬ 
garded as representing deviations of measurements made upon the 
same position of the joint The probable erroi of a single measure 
was then calculated in the customary way It is apparent that the 
intention of this method is to sepaiate out the vaiiations in the 
measurements due to accidental ertors fiom the vaiiations due to real 
changes in the angle at the joint. Tile lesults obtained from cal¬ 
culating the probable cuois of measurement in this way are shown 
in Table 1. 

TABLE 1 


Eshmatfs of Average Precision of Mbasuriment or Joint-angle Through¬ 
out a Complete Cycle or Gait 


Joint 

Estimated piobnblc eiroi of measuiement 
Right side 

Left side 

Hip 

08° 

0 9° 

Knee 

10“ 

1 1° 

Ankle 

0 8° 

08° 


As a check on these estimates of the average precision of measure¬ 
ment of joint-angle, a conventional determination was made of the 
precision of measuiement of lup- and knee-angles at Stages I and 
III of the gait of a particular subject The appropriate motion- 
picture frames wcie piojected and 10 measures made of each angle 
being examined. The mcasuicments for each angle were averaged 
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and the “probable enors of single measuies” were determined The 
results are shown in Table 2 


TABLE 2 

Precision of Measurement of Joint-angle at SrrciFic Positions of Joints 
tor a Particuiar Sample of Gait 


Joint 

Stage of 
gait 

Angle 

arith 

mean 

Probable error 
of 

measurement 

Right hip 

I 

193 6° 

0 4° 


iri 

1+7 9° 

0 5° 

Right knee 

I 

171 7° 

0 5° 


hi 

167 2° 

0 6° 


As the table shows, the probable enors determined for specific 
positions are of the same ordei of magnitude as those determined 
by means of the special method described above Wc may, accotd- 
ingly, accept the results given in Table 1 as providing a fair esti¬ 
mate of the precision of measurement possible in the determination 
of joint-angle by means of the technique described The data on 
which are based the calculations of errors lepoited in tins and the 
following sections weie all obtained by the same observei ( G1 ) 
b Pi easton of measni ement of the angle of the foot axis As 
indicated in an eailici section, the “angle of the foot axis” is deter¬ 
mined indirectly on the basis of direct mcasuies made of extents a, 
g, b, hj and / icpresentcd in Ftguie 65 and in the following equa¬ 
tion 



We may calculate a measure of precision foi the angle if the preci¬ 
sion measures of the five factors entering into the equation arc first 
determined, if, foi example, we first determine the probable error 
of a single measure for each of the factors or components 

The method, 4 then for determining “the piobable error of a single 
measure” of the angle /? consists in first determining the effect upon 
this angle of a given deviation m each of the components, and then 


4 For further details concerning procedures for calculation of precision 
measures of the dependent variable in an equation, see Goodwill (8) and 
Drisko (4-) 
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determining the most probable value of all the combined effects. The 
effect on the angle fi of a given deviation in any one of the com¬ 
ponents can be calculated by obtaining foi equation (6) above the 
pattial denvative of /3 with respect to the given component and then 
multiplying tins lcsult by the precision measure of that component 
When tins pioceduic has been followed m turn foi each of the 
factors in the equation, the most piobablc value of the combined 
effect of all the deviations in the factors is taken to be the square 
root of the sum of the squaics of the sep.uate deviations in /?, clue 
to the vaiious deviations m the components 
These steps can be concisely summarized as follows 
Given any relation X — F {a, b, c, • * * ) 

Let 3di 8(,, S c be the precision mcnsuits (such as the piobablc 
erroi of a mcasuie) of a, b, c, etc , let A u> A&, A 0 be the coi res¬ 
ponding deviations in X produced by these deviations in a, b, c, 
etc, and let A be the resultant effect of the separate effects A 0f A 6) 
A c , etc Then for any component k. 



8c 


And the most probable value of A is, 

A = V TMH"® 8 + (MM 1 " “ ~~ 77 

To obtain the neccssaiy data for using the procedures just de¬ 
scribed, the usual motion-picture lecords were made with one of the 
subjects standing in fiont of the cameia with his light foot placed 
to provide an "angle of the foot axis” of approximately 10° One 
of the frames of these pictures was projected and 10 measurements 
made of the extents a, g, b, and h lepicscntcd in equation (6) The 
mcasuies of f were made directly on the subject’s foot From these 
data, arithmetical means and the piobablc eirois of the vaiious sets 
of measurements were computed These values togethei with equa¬ 
tion (6) provided the necessary material foi applying tire principles 
summarized above. The results of the measurements of the various 
factors arc given in Table 3 The calculated value of the angle /3 
was 11.8° with a "piobablc crior of a single mcasuie” of 88° The 
precision of this type of measurement thus compares favorably with 
the precision attained in the moie dnect measuicment of joint-angle 
as reported in an eaihcr section 
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TABLE 3 

Data Used in Cuculations or Precision oi Mi \surement oi Angif of 
Foot Axis, and Width or Base 



Determination of 

Petciminntion of 


angle 

of foot axis 

width 

of base 

Factor 

Anth 

PE of a 

Ai ith 

P E of a 

mean 

measure 

mean 

mcasuie 

a 

3 2 

055 

3 0 

045 

b 

24 

038 

3 S 

015 

a 

4 5 

022 

48 

000 

h 

4 S 

000 

53 

045 

f 

25 6 

051 

— 

— 


c Piecmon of measuiement of the width of the base of support 
The equation expressing the dependence of the width of the base 
of suppoil on dncctly mcasiuable tactois (sec Figuie 7) is 

b a 

iv — 25- 

h g 

In the case of appropriate motion-pictiue fiames of the gait of one 
subject, 10 mcasuies weie made of each of the factors on the right- 
hand side of the above equation The Jesuits are given in Table 3 
Computations carried out with these data, in the manner described 
previously, lcsult in a value foi the width of the base of support of 
9 cm with a "probable enoi of a single mcasuie’' of .5 cm 
2 Constant Enois In this section we may consider cirors that 
may appear in measuiements of the angular position at a joint due 
to constant factors piesent during certain of the measurements. 
Factors that may be consideied licie aie (1) diffeiences in the posi¬ 
tion of the subject in the field of view of the camera, such as occur, 
for example, in the piofile pictuies when the subject crosses from 
a position dncctly before the camcia to a position at the extreme 
left or light, and (2) deviations of the plane of tiie leg, during 
the recovery stage, from a plane paiallel to the direction of pro¬ 
gression of the subject, due to abduction at the hip The position 
of the subject in the field of view may be specified in terms of the 
angle which a line connecting the subject to the camera makes with 
the optical axis of the camei a. This angle may be referred to as 
the angle subtended at the cameia The plane of the leg of the 
subject may be specified in terms of the angle lying between the 
plane of the leg and the plane thiough the leg parallel to the di- 
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rcction of piogicssion By -way of cmpmcal test of the effect upon 
the measurement of joint-angle of the two factors mentioned, pro¬ 
file views of one subject weie taken with the joints of the leg at 
certain fixed positions, and the plane of the leg, and the position of 
the subject in the field vaned in different trials. The angles at the 
various joints were then measured m the usual way The angles at 
which the joints were fixed for these trials were 120° for the hip, 
65° foi the knee, and 90° for the ankle 15 
The results of the measuiements are summarized in Table 4 The 

TABLE 4 


Influfnce upon Measurement or Joint-angle of Position of Subject 
in Fieid or View, and or Plank of Lfg 



A 


B 


C 


Plane of leg 

Plane of leg 



0* 


22 5° 


Dilfcreru.es 

Position of 

Measured 

angle 

Measured 

angle 

0° plane—22 5° 

subject 

at 


at 


plane 

in field 

Hip Knee 

Anfcfe 

Hip Knee 

Ankle 

Hip Knee Ankle 

Center (C) 

125 5° 66 0° 

90 0° 

120 5° 65 5° 

90,5° 

0 0° 0 5° 0 5° 

IS 0 to left {L) 
Difference 

125 5° 63 0° 

90 0° 

121.0° 65 0° 

92 0° 

—0 5°—2 0°—2 0° 

(C-L) 

0 0° 3.0° 

0,0° 

—0 5° 0 5° 

—1.5° 



bottom row of the table shows the differences in measured joint- 
angle found associated with diftctences in the position of the sub¬ 
ject in the field of view. Section C of the table shows the differ¬ 
ences in measured angle found associated with diffeiences in the 
plane of the leg. The laigest difference found in any case was one 
of 3°. As reported earlier, the practice was adopted of regarding 
any angular difference less than 4° as lying within the limits of 
possible cxpci imentnl eriois, in accordance with the finding that 
the probable enor of a single measure was about 1°. It is, there¬ 
fore, unnecessary to make any special coirection in the measures of 
joint-angle foi eirois due to position of the subject in the field of 
view, within an angle of 15*, or for angular deviations of the plane 
of the leg less than 22.5° In the gaits of a series of noimal sub¬ 
jects, deviations of the plane of the leg, in the recovery interval, cx- 

s For establishing these positions, we used a plumb-line goniometer which 
was designed for making measurements of joint-angle directly upon on 
individual. This instrument is described in a forthcoming paper (6) 
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cccding this amount were not observed. In case errors due to con¬ 
stant factors, such as those discussed above, should prove under some 
conditions or in particular types of subjects to be of appreciable 
magnitude, calibiation cuives might be constructed which would 
permit a correction to be made in a given measurement to allow 
for the presence of the constant errors. 

D Some Examples of the Use oe the Present Method 

The method of analysis of gait desenbed in the present paper lias 
been found of value m tile investigation of gait in vanous special 
types of individual We have used it, foi example, in tracing the 
changes m gait which occur in the course of normal motor develop¬ 
ment and m determining the defects in gait associated with ccitain 


I' lull III 

1. u. 


■ !*■ 'h\ v 



FIGURE 8 

Graph or Gait oi Child (ASSisrFD) 

Age. 12 yrs , sex female, compnied with graph foi normal adult 
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FIGURE 9 
Graphs of Gait 

Mongolian mental defective compared with normal adult 


developmental deficiencies. The detailed results of these studies 
will be reported in later papeis. By way of llhistiation, howevei, 
Figures 8, 9, and 10 aie included heic to show the nature of the 
curves obtained fiom the use of the method with a number of spe¬ 
cial types of individuals Figure 8 shows cmves lepresenting the 
gait of a child shoitly before she learned to walk without support, 
Figure 9, curves repiesenting the gait of an adult male Mongolian 
mental defective, and Figure 10, cuives icpresenting the gait of an 
adult subject with infantile cerebral palsy of the spastic type In 
each case the cuivc of a mentally normal adult without motor defects 
is included foi companson Even casual inspection of the curves 
reveals marked difterenccs m their characteristics lelativc to those 
of a normal individual and indicates the sensitivity of the method 
m providing conciete measures of deviations from normal gait which 
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FIGURE 10 
Graphs of Gait 

Spastic subject compared with normal adult 

may be but vaguely sensed as a tesult of ordinary methods of observa¬ 
tion, More complete data on the gaits of these different types of 
individual will appeal in latei reports 
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THE POSTOPERATIVE EFFECTS OF REMOVAL OF 
THE STRIATE CORTEX UPON CERTAIN UN¬ 
LEARNED VISUALLY CONTROLLED 
REACTIONS IN THE CAT* I 


University of Rochester 


Karl U. Smith 


A. Introduction 

The inteipictation of the maintenance of ccitiun unlearned 1 vis¬ 
ually elctcimined reactions m mammals aftei dcstiuction of the 
occipital cortex m relation to the visual sensitivity of these animals 
has presented <i pioblein since the caily obseivations of Goltz. (9), 
Munk (25), and otheis of their time These experimenteis ob¬ 
served that, after decoitication or aftei lemoval of the occipital 
lobes in the dog, closure of the eyelids and pupillaiy constuction to 
maiked changes in retinal illumination could be elicited in a man¬ 
ner not unlike the manifestations of these reactions in the normal 
animal Munk believed that the ability of the animal to blink to a 
bright light was no indication of vision, but Goltz held that an 
organism possessing this capacity could not properly be called blind. 

More recently, many observers have been concerned with the 
neural contiol of the pupillary, palpebial, and othei unlearned 
visually contiollcd reactions, especially in ielation to the functions 
of the cortex, thalamus, and mid-brain 

Observations have shown that cortical extirpations of any sort 
have no influence, eithci quantitatively 01 qualitatively, upon pupil¬ 
lary constriction (Byrne, 1933). However, many experimenters, 
among whom may be mentioned Karplus and Krcidl (10) and 
Parsons (26), have noted that pupillary dilation may be induced by 
electrical stimulation of vat ious areas of the cerebral coitex. Kar- 


•Received in die Editorial Office on August 5, 193(1 

fThe expei intents reported here were conducted in the Psychological 
Laboratory of Brown University. 

‘The term unlearned is here employed to designate the fact that the 
responses under consideration were present in the normal animal at the 
start of the experiments. 
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plus and Kreidl showed that, although electncal stimulation of the 
frontal cortex induced pupilhuy dilation, elimination of this pait 
of the biam in cals did not abolish the response upon electrical 
stimulation of the hypothalamus. Byrne (4), m extensive expeu- 
ments with cats, has established that decortication or lcmoval of 
the occipital lobes docs not modify pupill.ny dilation when it is 
induced by retinal illumination or by means of electncal stimula¬ 
tion of other paits of the body 

Taking the evidence just cited and additional obseivations of the 
effects of the injection of ergotoxinc upon pupillaiy dilation le- 
sulting from coitical stimulation, Byrne (4) aigucs that the cortex 
does not contain ccntcis which diiectly mediate pupillary dilation 
or constriction. He holds that electrical stimulation of the frontal, 
occipital, and temporal areas of the coitcx gives use to pupillary 
dilation or consti iction only indirectly, and then only under such 
conditions as may involve coitical stimulation of a degree sufficient 
to give rise to a general rcveiberation of nervous effect comparable 
to a “staitle" icactioii 

The dependence of pupillary dilation and consti iction upon con¬ 
nections in the thalamus, hypothalamus, and mid-biam, as indicated 
by experiments involving clectucal stimulation, extnpation, and 
drug injections, has been cortsideied in great detail in the work 
of Bcchtcrcw (3), Byrne (4), Feiricr and Tuincr (7), Kaiplus 
and Kncdl (11), Kellei and Stewart (12), Magoun (20), Ran- 
son and Magoun (27, 28), Sachs (29), and Spiegel and Nagaska 
(33), to winch the readci is refeired for extended consideration 
of this general topic. 

The neuial relations of palpebial closure and widening, as well 
as conesponding lens leactions, have not received the wide atten¬ 
tion heretofore directed toward the understanding of pupillaiy re¬ 
sponses Marquis (21) comes to the conclusion that, in man, 
reflex closure of the lids to increase in retinal illumination is pei- 
mancntly lost after bilateral destruction of both occipital lobes He 
bases his statements upon the leview of nine cases of individuals 
blind in consequence of occipital lesions Hilgard and Wendt (8) 
conclude, similarly, that lid closure is mediated cortically m man, 
although these investigators found that this response could be 
elicited by shining a veiy bught light into the supposedly blind por- 
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tion of the visual field of a patient with the right occipital lobe 
destioyed They explain the outcome of then observations as a 
result of the spiead of the light to unaffected legions of the visual 
field 

As a result of the experiments with decorticate animals (Byrne, 
1933, Goltz, 1892; Munk, 1894; ten Cate, 1934), however, it 
seems safe to conclude that the coitex m the cat and dog does not 
contain fibcis which aie necessauly involved in the maintenance of 
leflex closure of the eyelids to changes in light intensity By me (4), 
whose ingenious expenments have covered the neuial control of 
all phases of the pupillaiy, palpebi.il, and lens leactions, has empha¬ 
sized then cooper ation with one another in connection with the 
gencial statement that icflex adjustment of the lids togctliei with 
concsponding pupillaiy and lens leactions aie mediated tlitough 
subcoitical retino-nemal pathways He bases this conclusion upon 
a quantitative analysis of pupillary, palpebial, and lens icactions m 
relation to decoitication, vanous types of brain-stem tiansections, 
and the effects of diug injections. 

Although much is vet to be known concerning the lelation of 
the coitcx to the lespome of the pupils, lids, and lenses, thcie is 
yet a gieater dcaith of knowledge lCgaidmg the involvement of this 
part of the btam m coovdmated and conjugate movements of the 
eyes Spiegel (31) and Spiegel and Teschlei (34) have shown 
that the later al movements of the eyes, induced in cats by means 
of electucal stimulation of the frontal and occipital cortex, may be 
modified by bilateial injuries to the vestibuhu nuclei. The lesults 
of the experiments aie said to indicate that horizontal movements 
of die eves are abolished as a lesult of such injuries, whcieas vei- 
tical movements aie not so modified On the basis of the lesults of 
additional expciiments, Spiegel and Aionsohn (32) conclude that 
the vestibulai nuclei arc inleicalated in the pathway of cortico- 
fugal impulses to tire efferent mechanisms of horizontal cyc-move- 
ments It may he said, theiefoie, that the coitex does not contiol 
such movements duectly. According to Maiquis (21), fixation 
movements of the eves aie abolished in dogs after removal of tire 
occipital lobes 

Yet another aspect of the undeistandmg of the reactions under 
consideration is that of theii learned stimulus control and then 
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relation to responses of tile organism as a whole, Maiquis (22) has 
been able to show in this connection that palpcbi.il closure may be 
conditioned in clogs and monkeys after destruction of the occipital 
lobes, when the conditioned stimulus consists of a light which will 
not otherwise elicit the reaction In addition, Byrne (4) has 
stated as a result of Ins extensive experiments 

"The mechanisms foi closuie of the palpebrac, pupil and lens 
(accommodation) act synchronously ill a co-ordinated manner 
with one anothei as well as with the basic mechanisms which 
mediate whatever movements or adjustments in approach—for 
pm poses of aggression or investigation—the animal may be 
making, voluiitaiily or automatically ’’ (p 102) 

"The mechanism which mediates reflex palpebral widening 
has, through the medium of the iiHeUive (includes the nocicep¬ 
tive) system, such close functional icUtions with the mechan¬ 
isms which mediate reflex widening of the pupils and lens 
(accommodation for distance) that the thiee sets of mechanisms 
function as a closely co-ordinated unit’ 1 (p 110), 

Excepting the statements of Byrne (4) and Maiquis (22), just 
cited, and those of Goltz (9) mentioned at the beginning of this 
paper, none of the obseivers quoted and none in the author's icc- 
ollection has laid emphasis upon the fact that: unlearned ocular 
iesponses, either as they may be elicited m the noimal animal or in 
the animal without visual oa neocoitex, indicate certain psychologi¬ 
cal capacities of the animal to respond to external stimulation 
The investigation of these reactions in animals lacking coitical con¬ 
nections of the visual system should, therefore, lead to a better 
understanding of the functions of the striate cortex and of the oigan- 
l/ation of the central optic system in respect to different psycho¬ 
logical adjustments 


B Experiments 

1 Observations Three different scries of experiments were 
made involving the obscivation m noimal animals and in animals 
lacking the visual coitcx of (I) paipebial closuie to changes in light 
intensity biought about by movement of the experimenters hand 
before the animals 1 eyes, (2) compensatory movements of the eyes 
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m a rotating visual field, 2 (3) visual placing reactions of the fore- 
limbs under different stimulus conditions, including circumstances 
of stimulation which may be said to be comparable to those utilized 
in the second senes of expeliments Observations weie made at 
periods of one week, two weeks, three weeks, thiec months, and 
five months aftci the opeiatiom, using different animals at the 
different periods of examination 

2 0peiaiioiis. The extent and character of the visual coitex 

of the cat has been described in detail bv Alouf (1), Campbell (5), 
Koppcn and Lowenstein (13), Winkler and Pottei (36), and 
others, among whom thcie is a close agreement as to the anatomical 
limits of this aica The pi case delimitation of the area by observa¬ 
ble landmaiks on the sui face of the brain permits, at the time of the 
operations, a determination of the extent of the visual coitex re¬ 
moved 

Bilateral operations weie pcrfoimed in one stage on five annuals 
(Subjects 17, 29, 36, 37) and in two stages on one animal (Sub¬ 
ject 30), under completely aseptic conditions In an additional con¬ 
trol kitten (Subject 43), the stiiate cortex was removed on one side 
only The operations were earned out under Nembutal anesthesia 
(Pentobarbital sodium.' 5 ) After adequate exposure of the occipital 
lobes bv appioaches through the skull under the tcmpoial muscles, an 
excision was made along the lateral sulcus, well within the boun¬ 
daries of the second external convolution, extending from the 
vicinity of the Sulcus ansatus beyond the postenoi termination of 
the lateral sulcus, The cut with the cautety was directed in such 
a manner as to scvei the optic radiations. Then, using a small 
blunt spatula and bent-nose forceps, the excised lobe was caiefully 
dissected out, care being taken to observe, as the lobe was removed, 
whether or not the dissection included, on the medial side of the 
brain, the Sulcus splenialis along its entire length The piece of 
tissue was thereafter lemoved and fixed in foimatin for fuiihcr 
examination Although complete anatomical controls concerning 
die operations are not yet available, the natuic of the extirpations 
can be understood by reference to Figure 1, in which are repro- 

a Dr D G Mnrquis has reported similar observations before the Psycho¬ 
logical Colloquium of Brown University on reactions in dogs 

s Abbot Laboratories, North Chicago, Illinois 
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FIGURE 1 

Tin Dissfcted Occipital Lodes or nir Dim ere Nr Subjucts Usld in the 

EvrrRIMLNTS 

The lobes were removed intact in all animals except that of the right hemis¬ 
phere of Subject 28, the posterior poitions of which were bioken off during 
the operation Subject 43 was only 2S davs old when the left occipital lobe 

was lemovod 

duced m actual photogi.ipli its well as m dingiam the dissected 
occipital lobes of the diftetent animals employed m the expeiiments. 
The diagi.tms, which have been superimposed upon a diawing of a 
noimal hi am, are intended only as nppioximations of the extent of 
tissue removed 
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3 Sitbsidiai y Obsetvatiom of the Behaviat of the Annuals until 
Complete Btlaleial Removal of the Sit tale Cot lex All of the ani¬ 
mals with bilateral operations employed in the piesent experiments 
port laved characteristic defects of visual capacity, which have been 
noted by previous investigators in the dog, cat, and monkey after 
removal of the visual ateas Subsequent to the operations the 
animals employed lieic wcie able to avoid objects placed in their 
path only by coming into duect and abiupt contact with such obsta¬ 
cles Under normal conditions of illumination a quick movement 
of the cxpenmentei’s hand dnectly befoie then eyes failed to evoke 
the quick retiaction of the head and the lcflex closme of the eye¬ 
lids so typical of the visual behavior of the noimal animal under 
such cncumstances They weic found to be unable to locate food 
quickly and efficiently when it was placed in theii near vicinity, 
although effective behavior of this sou could be learned if the 
food was located day after day in the same spot within their indi¬ 
vidual quaiters None of these .animals could be induced to climb 
stairs by means of any soit of incentive, noi would they descend 
from an elevated surface if the conditions did not peirnit them to 
toucii the floor 01 to gain foothold along the sides of the platform 
upon which they wcie placed Tims, animals placed on a low 
tabic, 25 cm m height, with the legs set back fiom the edge so as 
not to aftoid any sort of foothold, would repeatedly tiy to touch 
the flooi in order to descend, but, failing, would lemain in that 
predicament until removed 

Normal animals, and the single kitten with the stnate Lortcx re¬ 
moved on one side only, failed to show any defects of the sort just 
described, noi have such disturbances in behavior evei been observed 
for moie than a few davs in animals with extensive but incomplete 
removal of the visual areas These observations agice in all details 
with the picture of coitical blindness resulting fiom complete re¬ 
moval of the striate aieas in cats and dogs described bv Maiquis 
(22), Minkowski (23, 24), ten Cate (35), and otheis Hence, the 
responses hcrcaftci described ate understood as being correlated with 
typical symptomatic defects consequent upon complete removal of 
the visual cortex, which have been observed by pnor investigators. 

4 Appertains and Ptocedute In making obseivations of the 
responses of the eyelids to alteration in light intensity, the expen- 
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mcater SRt in a chair directly in front of a strong light source In¬ 
tense illumination was obtained by placing a 500-watt bull) in a large 
parabolic aluminum reflector that was duccted toward the animal 
as it was held in the cxpcumentei’s lap. In each case a distance of 
72 cm. intervened between tile suiface of the cornea of the cat's eye 
and the light source. After quieting the animal by stioking its 
head, the light was turned on and the action of the pupils and lids 
observed, With continued adaptation to this illumination, the lids 
were found to be moderately closed and the pupils reduced to a 
width of 2 to 3 mm Aftci adaptation to the continued illumination 
had taken place, an assistant quickly passed his hand between the 
light souicc and the cat’s eyes at a distance of appioximately 10 to 
15 cm in front of the head of the animal As a control observation, 
a piece of caidboaidj 10 cm wide and 25 cm long, was also moved 
in a vertical plane between the animal’s head and the light source at 
the same distance m front of the eyes 

Forced lateral movements of the eyes contioiled by external 
stimulation may be elicited in cats by rotating a striated black and 
white pattern mound the animat, according to the method employed 
by Schheper (30) in the investigation of coloi sensitivity of inver¬ 
tebrates (Figure 2) The pattern employed in these experiments 
consisted of black paper strips, 512 cm wide, placed vertically at 
equal intervals of 5.12 cm upon white oilcloth, which was stretched 
uniformly upon a large cylindrical frame, 110 cm high and 122 cm. 
in diameter. The bottom of the drum as well as a rim, 20 cm. 
wide, around its top were also covered with the black and white 
stripes 

A heavy steel shaft, attached to the nndet side of the drum at 
its ceiitci, lotatcd in a bearing mounted upon a heavy non base. 
The drum could thus be jotated unifoimly by means of a motor 
anti pulleys fixed to the shaft of the motor and to that of the rotat¬ 
ing drum. Suspended to a beam above the drum and extending 
downward 100 cm within it was an iron rod, 2,56 cm in diameter, 
on which was clamped a small wooden platform, which was so lo¬ 
cated as to peimit the adjustment of the animal’s head at a point 
equidistant from the sides of the Cylinder. The animal was restrained 
in a box-holder and so placed upon the platfoim that its head was 
held in a horizontal position. During the experiments, the cat, re- 
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FIGURE 2 

The Apparatus Used in the Observation of Compensatory Eye-Move¬ 
ments to a Rotating Striated Pattern 
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strained m the box-liolclei, was loweicd to a point 90 cm below 
(he level of the top of the cylmdci, and the pattern on the sides 
of the di mil was theieaftei lotated entnely independently of the 
animal itself 

The opening in the top of the chum was covered, dining expci i- 
mentation, bv a ugid, white, citculai screen, which contained an 
aperture foi the iod suspending the small platfoim It also con¬ 
tained an apcitvuc foi making observations of the movements of the 
animal, cithci by means of motion pictuies or by means of direct 
obscivation This scieen could be laiscd and lowered in oidei to 
peinut the placing of the animal upon the platform as well as ic- 
movmg the cat after each experimental setting The inside of the 
appaiatus was illuminated by means of two 200-watt bulbs, one 
mounted at the ccntei of the scieen above the rotating dnun and 
the othci placed at the ccntei of the bottom of the dium Obseiva- 
tions on tliiee noim.nl animals, one kitten with unilateial lemoval of 
the stuatc cortex, and five animals with complete icmoval of the 
visual aieas wcie supplemented in every case by motion pictures 
taken through the apertme in the scieen above the dium 

During the examination of visual placing reactions of the foie- 
hmbs, the experimenter grasped the cat beneath the l hoi ax and 
aiound the hind quartets and moved it slowly toward the top sur¬ 
face of a table Two types of visual placing leactions weie tested. 
(1) those ordmauly elicited by moving the animal in a honzontal 
duection towaid a smface, and (2) those oidimuily elicited by low- 
eiing the animal m a vcitical diiection, head downward, towaid 
a surface. 

Experiments were earned out under tluec diffcient encumstances 
of visual stimulation In a first seues of tests the reactions were 
obseived undci ordinary ciicumstances of stimulation, such as that 
obtained at midday without the aid of accessory lighting. In these 
tests the animals wcie examined by moving them towaid the top 
sutface of a table, measuring 108 by 72 cm., which picsented a com¬ 
pletely white suifacc. In a second series of tests, attempts were 
made to elicit both the honzontal and vertical placing reactions 
when the top of the table was coveted with black caidboaid stupes 
5.12 cm, in width. The stupes were fiimlv attached to the top of 
the table m such a manner that equal distances of 5 12 cm. sep- 



KARL U, SMITH 


147 


aratecl the stupes In a thud senes of observations the top of the 
table exhibited a black- and white-stuped pattern of lines 10 24 cm 
in width In the second and thud senes of obscivations, the table 
was illuminated by two 500-watt lights placed in laigc, paiabolic 
aluminum leflectors, which were located 100 cm above the opposite 
ends of the table Observations of two normal animals, one kitten 
with complete unilateral removal of the stuatc cortex, and six ani¬ 
mals with complete lcmoval of the visual aicas wcie supplemented 
in each case by motion-picture iccoids taken dtiling the course of 
the examinations. 

5 Remits 

a Palpebial iespouses induced by objects moving auoss the 
visual field. Two normal animals and one animal with unilntcial 
lemoval of the stuatc coitcx exhibited, imdei conditions of day¬ 
light illumination, lcflcx closuie of the eyelids when the experi¬ 
menter quickly moved his hand oi other objects across theii field of 
vision They also gave such i espouses undei expenmentai conditions 
m which then eyes were adapted to high illumination The icaction 
was elicited when the movement of objects, cither the hand of the 
expeinnentei oi a piece of caidboaid, took place 10 to 25 cm in 
front of the corneal suifaces Five animals with complete bilateral 
removal of the striate cortex failed to respond in a similar way 
undei daylight illumination at the diffcient intcivals of time after 
the operations during which the reactions were obseived. 

Under the conditions of intense illumination in which the animal 
was held at a distance of 72 cm in fiont of a 500-watt source, 
shining duectly upon its head, movement of the expeiimentei’s hand 
acioss the visual field evoked in the operated animals reflex closure 
of the eyelids in response to the change in retinal illumination 
biought about by the movement The reaction could he elicited only 
when the hand was passed at distances of 10 to 15 cm m front of 
the animal's eyes, and, when so elicited, consisted in complete closuie 
of the eyelids which weie ah cad v paitlv nan owed in consequence 
of the heightened 1 illumination The icsponse is the same as that 
observed when a stiong light souice is quickly piescnlcd to the cat 
after daik-adaptation or aftei the animal has become accustomed 
to normal conditions of illumination, and, similarly, disappeais with 
repeated stimulations 
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Two contiol observations point to the fact that the lesponse was 
determined by changes in retinal illumination lathei than by changes 
m tactual stimulation induced by au currents set up by movement 
of the hand in front of the animal’s head. On the one ‘hand, the 
failure of the response to appear in the operated animals without 
visual cortex undei normal conditions of illumination shows that 
such sccondiity soil ices of stimulation weie not involved in the elici¬ 
tation of the response On the other hand, the movement of the 
card across the visual held under the conditions of heightened illu¬ 
mination, an opciation winch i educec! to minimum these secondary 
sou ices of stimulation, evoked the 1 espouse undei the ciicumstanccs 
descubcd. 

b Compensato}y movements of the eyes in n Totaling visual 
field In the normal adult cat, rotation of the visual field, accord¬ 
ing to the method described in the foiegoing section, gives rise to 
forced latcial movements of the eyes in die dncction of the lota- 
tion, followed by a quick recoveiy movement in the direction oppo¬ 
site that of the lotation. The question as to whether or not suc’h 
adjustments can be considered as tiue nystagmic movements is not 
a direct concern of the present discussion, although the fact may be 
pointed out that, aftei lotation of the field has ceased, no after¬ 
effects of lotation could be asceitained In addition, the responses 
weie observed to cease after a few minutes of rotation, the cat there¬ 
after falling into a lethargic sleep-1 ike state with eves partly or com¬ 
pletely closed. 

Using n speed of 10 tat ion of approximately 3 1 pm , a single ani¬ 
mal with unilateral lemoval and five animals with complete bdateial 
removal of the visual cottex were obseived to exhibit forced lateral 
movements of the eyes which could not be diffeicntinted from those 
of nounal animals. Rcveisals of lotation gave rise to reversals 
in the direction of the movements, and inciease in the speed of rota¬ 
tion up to a certain point was found to produce noticeable increase 
in the speed of the movements Reduction in the level of the 
illumination of the visual field bv utilizing two 50-watt instead of 
two 200-watt lights in the apparatus faded to eliminate the re¬ 
sponse in two animals with bdateial removal of the striate cortex 
Ko observations were made with lines of a width greater or smaller 
than 512 cm, although the method here employed offers a means 
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of such variation m the measurement of the visual acuity of animals 
so pieparcd The observations were supplemented by motion-picture 
records of the responses found. 

c Visual placing leactions of the foiehrnbs The observa¬ 
tions made in this study upon the effect of removal of the visual 
coitex upon visual placing leactions constitute an extension of the 
experiments of Baid and Orias (2), in which it was found that 
such operations eliminate these leactions in the cat when tested 
under normal conditions of illumination In the present experi¬ 
ments, five animals with complete bilntcial removal of the visual 
cortex failed to exhibit CLtlier hoiizontal or vertical placing reactions 
undci conditions of daylight illumination, 01 when moved towaid 
the top surface of a table which was highly illuminated Nor were 
these leactions evoked when the animals wcie moved towaids a 
Striated smfacc which was sirmlai to that utilized m the expenments 
with the rotating visual field. In companson, one annual with um- 
lateial lemoval of the stnate coitex exhibited these icactions under 
all conditions of illumination and undei all cucuinstances m which 
different suiface patterns wcie employed on the table 

C Discussion 

On the basis of an objective mterpietation of the responses ob- 
seived in the piesent expenments, the follorving conclusions may be 
drawn concerning the visual capacity of the cat following removal 
of the visual coitex 

The first series of obseivations on palpebial icactions demonstiate 
that, aftei complcLc extupation of the striate coitex in cats, there 
me maintained differential lesponscs of the eyelids which may be 
pioved to be functionally ielated to changes in visual intensity in¬ 
duced by movement of objects acioss the visual held The observa¬ 
tion that these animals give avoidance reactions to movement of a 
card ot of the cxpciimenter’s hand across a highly illuminated field 
is significant in showing that changes in. ictinal illumination, so 
induced, may scive as a basis for avoidance icactions to “objects” 
or to “threatening gestuies ” Accoidmgly, it is concluded that cats 
lacking the visual cortex possess a rudnnentaiy capacity to avoid 
“objects” 01 “threatening gestures,” an mteipretation which is in 
no wav contradicted by the fact that the responses upon which this 
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capacity is based aie piedommantly contioiled by changes in light 
intensity. That no such ambiguity of inteiprotation exists is shown 
by the fact that, in noimaL animals, genciabzed’ icactions in avoid¬ 
ance of objects may derive dnectly fiom changes in letinal illumina¬ 
tion as well as from difteicnees in visual size, color, pattern, or 
movement The difteictice between the lcsults obtained here and 
those secured by previous experimenters who have failed to observe 
similar 1 espouses in the dog after removal of the visual areas is 
explained by the heightened conditions of illumination utilized m 
the present expemnents 

Failuic of destruction of the stnate areas to abolish compensatory 
eye-nrovements to a moving striated pattern points to the fact that 
these unctions arc subcoitically controlled Then functional cor¬ 
relation in the opciated animals with tile speed mid duectron of the 
iota ting pattern peimits the conclusion that the nervous mechanism 
by means of winch these responses are deteimined, aic also capable 
of mediating impulses associated with movement and pattern vision, 
Since the localizing reactions of the eyes in the normal animal are 
considcicd as evidence of “object” vision when such reactions are 
based upon fixed or moving patterned contoms in the field of vision, 
the responses observed heie in cats without stiiate coitex may also 
be taken as evidence for a type of object perception 

The experiments made here confirm the observations of Bard and 
Orias (2), who found that placing reactions of the foielimbs in the 
cat are abolished by removal of the stnate areas According to the 
piescnt investigation these responses aie apparently lost not only 
under normal conditions of illumination but also in 1 elation to vari¬ 
ous kinds of patterned stimulation uiulei circumstances of increased 
general illumination Striated patterns, which, when lotated aiound 
the head of the animal, evoke foiced la tend deviations of the eyes, 
fad to elicit placing reactions of the forelimbs when the animal is 
moved horizontally 01 veitically in their duection. These expeu- 
ments, therefoie, indicate a critical division of function between 
the neural mechanisms mediating localizing oculai leactions and 
those determining the visually contiolled orientations of the forc- 
limbs and trunk 

Additional significance may be attached to the data here secuied 
by considenng the 1 elation between the results of the present expen- 
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mcnts and those obtained in investigations of the visually conti oiled 
disci irainativc bchavioi of mammals without the striate cortex The 
experiments of Lashley (14, 15, 16, 18) and of Maiquis (21) with 
the lat and dog have shown that mammals depiived of the visual 
cortex lose, but can lecover, the capacity to disciuninatc intensity 
diftcicnees m vision Marquis failed to find any maikcd increase 
in tlie tlneshold foi the discrimination of two lights m dogs after 
complete lemovdl of the striate aieas, blit Lashley observed some¬ 
what moic significant tlneshold modifications m rats A question 
arising out of these experiments has been What is the psycho¬ 
logical chaiactcr of the lesidual visual function in mammals lacking 
both of the piojection areas of the visual system ? Lashley (17) 
and Lashley and Frank (19) attempted to answer tins quciy in 
experiments with lats, m which it was shown that animals com¬ 
pletely deprived of the stuate areas permanently lost the ability to 
disci iminate diffei cnees in visual patterns undei cucumstanccs of 
daylight vision The immediate conclusion of the expenments of 
Lashley and Flank lias been, theieforc, that mammals, after aboli¬ 
tion of the cortical connections of the cential visual pathways, 
cntuely lose pattern disci imination but retain a crude capacity for 
brightness vision, although Lashley (18) himself lias made ccitain 
rcseivations legarding such an hypothesis, because there seems to 
be a demonstrable relation between intensity disci imination and 
pattern vision It is very difficult to see, for example, how an ani¬ 
mal can localize two lights in the field of vision without being able 
to distinguish contouis of light, a capacity ordmanly defined as pat¬ 
tern vision Marquis, howevei, attnbutes the maintenance of 
brightness discrimination in his animals to a pumitive type of light 
vision and believes that such defects as the inability to avoid obsta¬ 
cles, the failmc to lcspond to thicatening gestmes undei certain 
conditions of illumination, etc, aic a direct icsult of a specific loss 
in what he calls “object vision ” Tins capacity is assumed to be 
associated with the functions of the ceiebral coitcx as it has become 
elaborated in animals such as the dog ill mammalian phylogenetic 
development 

Propeily considered, the present expeiintents bung forward cer¬ 
tain points of evidence contrail' to the view that only the cortical 
processes of the visual system are capable of mediating responses to 



152 


JOURNAL OF GENETIC PSYCHOLOGY 


changes in pattern ox to the location of objects Rather, the data 
here secured seem to show that the subcortical neuial pathways 
controlling the reactions of the eyelids and of the eye, as a whole, 
arc differentiated to such a degree as to dnect adjustments in con¬ 
junction with changes in pattern and movement in the visual field. 
These statements do not mean, of couise, that pattern vision may 
not be lost in the operated animals in relation to discriminative 
orientations undci ceitain conditions of general illumination They 
do mean, howcvci, that different iesponscs must be considered in 
attempting to understand the neural basis of pattern, movement, 
and object vision. So fai as the writer is nvvaic there is available 
no explanation of the appaient functional sepaiation between the 
neural mechanisms of the oculai reactions and those of visual plac¬ 
ing icactions to changes in pattern and movement Evidently, as 
shown here by the experiments on compensatoiy eye-movements and 
visual placing reactions, this division of function cannot be attiibuted 
to the differences in stimulation employed in testing these reactions, 
although subsequent expeiunentation may piove this to be m part 
the case in lespect to other similai conflicting data 

The foregoing discussion taises a question as to the relation be¬ 
tween the subcoitical mechanisms of the ocular leacttons and the 
functions of the visual cortex in regaid to pattern, movement, and 
object vision Accoidmg to the lesults obtained in this study, the 
striate coitex of the cat seems to constitute a mechanism of more 
elaboiate differentiation for these paiticular psychological adjust¬ 
ments which are mediated also in a simplex way at othei levels of 
the visual system Theie is no foundation in fact fox the view, 
howcvci, that the functions of pattern, movement, and object vision 
have been eiitiiely "coiticalizcd" m phylogenetic development up to 
and including animais such as the cat In lespect to the organiza¬ 
tion of the central visual system in this animal, the present evidence 
seems to prove that the subcortical processes function m coopeiation 
With cortical mechanisms in the mediation of pattern, movement, 
and object vision The subcoitical visual processes in the cat main¬ 
tain, in part at least, the localizing functions (responses to pattern, 
movement, and objects) mediated through the mid-biatn and thala¬ 
mus at moic primitive levels m phylogeny. 

In the foicgoing interpretations, the question has not been raised 
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as to whethci or not the visually tontiolled palpebral reactions, com- 
pcnsatoiy eye-movements, and placing reactions of the forelimbs in 
the noimal and operated cat involve phenomena which ate said to be 
dcscubed by the cxpiession “conscious visual experience.” As far 
as the wntei is awaie, thcic is at present no method of obscivation 
available by means of which an answei to tins question can be 
secured It should be noted, in addition, that the problem of the 
l elation between “consciousness” and behavioi can be considered as 
distinct fiom, and, indeed, cntuely beyond the scientific questions 
of the stimulus and neural contiol of behavioi in phylogenetic and 
ontogenetic development (Carmichael, 1933). Similaily, according 
to the opinions of the piesent wnter, it seems possible to view as 
insoluble the ongmal ptoblem raised by Goltz (9) and Munk (25) 
concerning whethei or not the unlearned ocular icactions aie a tiue 
indication of “visual cxpeiicnce” in mammals lacking the coitical 
pathways of the optic system In regard to adjustments based on 
visual stimulation m cats lacking the stnate coitex, howevci, the 
piesent lesults seem to piove that these oculai reactions involve 
stunulus-i espouse relations which may he defined in objective terms 
as movement, pattern, and object vision With lefeience to the 
visual placing icactions of the foielimbs m the same animals, similai 
relations aie not demonstiable 

D Summary and Conclusions 

Tlie experiments may be summarized as follows 

1 Complete lcmoval of the visual coitex in six cats was fol¬ 
lowed by the appearance of typical defects in the ability to avoid 
obstacles, to locate food, to climb stans, and to descend from ele¬ 
vated suifaces on the basis of visual cues These deficiencies of 
behavioi weic found over the entire pciiod of time duiing which 
the animals wcie undci obscivation, 

2. Although closure of the eyelids to movement of a card or of 
the expciimentcr’s hand undci noimai conditions of illumination 
could not be elicited in five animals, such tespouses wcie evoked in 
all five when the caul or hand was moved acioss the visual field of 
the animal undci extremely high ictinal illumination 

3 Foiccd lateial deviations of the eyes to a rotating striped pat¬ 
tern weic obseived in five of the animals aftei the operations 
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4 Visual placing le,actions of the forclimbs wctc abolished m 
si\ animals under cucumstances of stimulation sinulai to those em¬ 
ployed in testing eye-movements 

5 The failure of the bilateial lemoval of the stuate areas to 
abolish the avoidance icactions of the eyelids to movement of the 
cxpciimcntei’s liand acioss the visual field undci heightened condi¬ 
tions of illumination is taken as evidence for a rudimcntaiy type of 
"object" perception in these animals, 

6 The failure of the bilateial lemoval of the striate areas to 
abolish foiccd lateral movements of the eyes to a rotating striated 
pattern points to the existence of movement and pattern vision in 
cats lacking the visual cortex 

7 The abolition of visual placing icactions of the forclimbs to 
difleicnt stuped suifaccs indicates cntical division of function be¬ 
tween the nervous mechanisms of pattern vision mediating ocular 
icactions and those conlioiling the visually determined responses 
of the trunk and forclimbs 

8. In icspcct to pattern, movement, and object vision in the cat, 
the subcoitical ncuial mechanisms of tire ocular reactions seem to 
function in coopeiation with moie highly differentiated coitical pro¬ 
cesses The subcoitical neural pathways of the cential visual sys¬ 
tem in the cat letain in pait the localizing functions which aic 
mediated entirely through the mid-biain at moie pnmitive levels in 
phytogeny. 
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A FURTHER STUDY OF AFFECTIVE FACTORS IN 

LEARNING* 

Uutvetiiiy of Cnlifoi ma 


II D Caiufr and H E Jones 1 


Ini roduction 

In an eailicr lepoit (2) of a learning experiment conducted with 
elcmentaiy and junior high school ehildien, it was shown that re¬ 
liable differences occurred m the immediate lccall of affectively 
toned woids. Words which the ehildien classified as charactensti- 
cally pleasant, tndiffei cut, or unpleasant were cliosen foi the cvpcn- 
ment. Learning was relatively easy for pleasant woids and rela¬ 
tively hard for indifferent woids. The unpleasant woids were of 
inteimediate difficulty in learning. The present lepoit deals with 
results fiom comparable procedures applied to an older age group. 

The Data 

Individual learning tests requiring about a half hour for adminis¬ 
tration were given to each of 100 college students In the group 
tested theie were 56 males and 44 females The age innge was 
fiorn 17 to 25 years, with a mean of 20 8 years and a standard devia¬ 
tion of 1 76 years There were 12 freshmen, 18 sophomores, 32 
juniors, 27 seniors, and II graduate students. As compared with 
the relatively unselected group of adolescent ehildien tested in the 
preliminary study, these college students are, on the average, eight 
years older and represent a slightly lnghci selection m intelligence 
and social status. 

The woids used in the learning tests were as follows 

Pleasant woids (P) mother, father, candy, movies, love, 
many, dance, and kiss 

Indifferent woids (/) pencil, enter, notice, glass, turn, fill, 
middle, and lid. 


•Received in the Editorial Office on August 24, 1936 
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Unpleasant words (l/)* pimple, fight, bleed, feat, insult, 
garbage, cheat, and vomit 

These words had originally been chosen from laiger lists because 
they were familiar to all the adolescents in the ougmal study, and 
because the woids m the thiee categories weie uniformly rated by 
the children as pleasant, indifferent, and unpleasant, respectively 
The selection of the woids and later evaluation of them as emotional 
stimuli arc more fully discussed in the preliminary study (2) In 
that report it was shown that the unpleasant words produced largest 
deflections of the galvanometei, the pleasant woids somewhat 
smaller deflections, and the indifferent woids pioduced smallest 
deflections Thus, both latings and measures of physiological re¬ 
sponse aie available as evidence of the potency of the woids as emo¬ 
tional stimuli. The pioccdure of rating the woids and of obtaining 
galvanometiic iccords was not lepeated in the piesent group. 

The learning task employed was one of immediate lecall. The 
words were learned by a paucd-associates method, in which the task 
was to recall the words in response to pictuies Tile pictuies were a 
series of conventional, easily duplicated illustiations of persons taken 
from a clothing catalogue Three dials were given aftei the initial ex¬ 
posure, with prompting on each tual if the recall was incomplete or 
incorrect The precautions taken to eliminate common souices of 
erior have been dcscnbed more fully elsewhere (2, 3) and will be 
mentioned only briefly The woids in the three categories were 
evenly distributed thioughout the list, at the beginning and at the 
end of the senes, three pairs of pi etui e-woid associations were used 
as buffers, in oidei to eliminate eftects of the tendency to favor 
words at the beginning and end of the seiies Careful rotational 
procedures were employed as a further precaution 2 Because of 
the lotation, subjects associated the paiticulai woids with different 
pictures, hence no particular cues relating to individual word-picture 
combinations could affect the group-leaimng results. In the initial 
learning series, a picture was exposed foi 3 sec , followed by 2 sec 


2 The group data reveal almost no position effects, even foi the buffer 
words at the beginning and end of the series, this 19 probably because 
the associated pictures offered bettei cues for learning However, the 
controls exercised arc known to be desaable, in view of individual differ¬ 
ences which have been observed 
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in which both the pictuic and the associated wonl wcie exposed 
In the lecall 01 icle,lining senes, a pictuie was exposed foi 3 sec 
and the subject given an oppoi(unity to lecall the woul, if he 
failed, the woul was exposed again as in the initial learning 

Treatment or Data and Rlsuits 

Learning scoies weic computed toi groups of pleasant (P), in¬ 
different (/), and unpleasant (U) woids separately, by summation 
of conect responses foi items in the thice' categories, respectively 

This was done foi odd and even gioups of words within each 

catcgoiy, as well as for cacti of the tlncc total groups. Reliability 
coefficients were obtained fiom the con elution of odd and even 
halves, by application ot the Spear man-11 town prophecy toimula 
In Table 1 ate given the means, standard deviations, reliability 
coefficients, and inteicoirelations of tire learning semes for P, and 
U groups of words The inteicoi relations me definitely lowei than 
the reliabilities, but aie sufficiently high to have maiked effect upon 
the standaid cnors of the differences between nr cans Collected 
for attenuation, the inteicoi relations would not be perfect 3 The 
reliability coefficients indicate that a single test is unsuitable foi 

individual diagnosis, but the data aie adequate foi the study of 

diftcicnces in average scoies It may be noted that m the pievious 
studies of child ten, involving a succession of five experiments, t lends 

TABLE 1 

Mlans, Siandari) Dlvia i ions, Rrr iaiui irr Coi men Nra, and iNiPRCORRri a- 
1 IONS 01 P, 1, AND V bCORIS f OR Li MINING 


P-s cores /-scores //-scales 


N 

100 

100 

100 

Mean 

16 84 

12 82 

15 82 

S D 

4 13 

5 19 

411 

Comlatinns 




/’-stoics 

67 

4S 

53 

/-scoies 


71 

15 

//-stoics 



64 


Not/’ The reliability cocflicu-iils aic given on the diagonal, in italics 


3 Evulenee sccuicd tlsewheie, flora lepc.Ued testing of the adolescent 
group, indicates that rvhen scores become ven reliable the intcrconclations 
still remain somewhat below the lelinbiht} coefficients The lcsohs ap¬ 
parently ,mse from individual difFeicnees in the extent to which emotional 
factoi s inteifcie with learning 
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which arc appmcnt in anv single half-hom test are supported when 
more icliable data are obtained fiom cumulating the lesults of 
several testings. It is appaient from the means given in Table 1 
that (as in the case of the data for younger adolescents) the pleasant 
words are learned best, the unpleasant aie inteimediate, and the 
indifferent are least efficiently learned 
Reliability of Dtflennces In Table 2 are given the differences 

TABLE 2 


Statistical Reliabiiity or the Differences detween Means* 



Diff 

siW 

Diff 

s E di// 

P-I 

+.02 

48+ 

S 31 

P-U 

I 02 

399 

2 55 

U-I 

3 00 

496 

6 04 


*Tlie /’-scores were highest, U scores were second, and /-scores were 
lowest. 


between means, the standard euois of the cliffeiences, and the critical 
ratios It is apparent that the mdiffcicnt woids are learned sig¬ 
nificantly Jess well than either the pleasant or the unpleasant The 
difference between the learning scores for pleasant and unpleasant 
words is smaller, hut the critical latio of 2 55 here indicates a high 
probability (99 chances in 100) that the obtained result is m the 
true direction. Further confidence in these findings is justified in 
view of then close agreement with the results fiom the adolescent 
group (2, 3). 

Discussion 

The lesults repoitcd in this paper derive their significance hugely 
from the fact that they constitute a confirmation, in a more matuie 
group of subjects, of the observations made in an intensive study of 
learning among children. The similarity of quantitative results, both 
ns to the ordei (P, XJ, I) of learning and the lelativc magnitude of 
the three differences, is striking 

In follow-up work with the adolescents (3), the experiment has 
been repeated with difteient samplings of words. The tiends of 
results, in terms of averages, have been clearly demonstiatcd to be 
independent of the particular sampling of pleasant, mdiffcicnt, and 
unpleasant words. 
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1 he present results have incidental bearing upon one of the stock 
criticisms of work in this field As an explanation of such learning 
trends, some ci itics have called attention to the possible importance 
of diftci cnees in the familiarity of the words chosen to lepicsent the 
three affective categones Thus, the pleasant woids may be better 
lemembercd because they are more commonly encountered than the 
indifferent words In our woik with younger subjects we have 
attempted to make such differences minimal. If any residual 
familialitv differences lernain, of a magnitude sufficient to affect the 
learning pioccss among childien, we would expect them to be less 
important in an oldei and moie highly selected group The cUne 
similaiity of results actually obtained foi childien and for college 
students may be taken as indicating that in this material the factor 
of familiaiity is not a distuibing element 
A second consideration concerns the universality of emotional 
connotations of the words The college students aie an oldei and 

more sophisticated gioup of subjects The finding that similar 
trends in learning apply to the two different groups is evidence of 
the generality and of the practical significance of the trends 
A thud considciation peitains to a factor which has been sug¬ 
gested as having a possible influence upon our earlier tesults In 
the preceding studies, the childien who served as subjects in the 
learning tests also furnished the evidence as to the affective value 
of the words Learned The learning tests weic given in one labora¬ 
tory, latings of the affective values of the woids were seemed on a 
diffeicnt day, and in a diffeient laboratory The words were also 
utilized as stimuli to free association in an experiment in which 
galvanonrctuc and other records of physiologre.il responses were 
obtained In some experiments the ratings, and physiological rcc- 
otds, preceded the learning tests by about a week, in other cxpeii- 
ments these time relationships weie reversed Thus, apparently 
adequate controls weie exercised with lcfcrence to the effect of these 
proceduics which weie external to the learning experiment The 
present data, howevei, furnish a ncatei dcmonstiation of the point 
The subjects in the present experiment did not rate the words, nor 
take pait in any piocedurcs in which the woids weie considered as 
emotional stimuli. Thetefote, it cannot be urged that there is anv 
connection between the learning lesults and the ratings oi free 
associations 



162 


JOURNAL OF GENETIC PSYCHOLOGY 


Summary and Conclusions 

Individual learning tests weie administeied to 100 college stu¬ 
dents, m oidei to clieck upon ceitun tiends which had previously 
been found m studies of adolescent childlen The tests lequued 
the recall of pleasant, indiftcicnt, and unpleasant woids in 1 espouse 
to pictures which served as paned associates The data justify the 
following conclusions 

1 The pleasant words weic best learned, the unpleasant woids 
wcie mtcimcdiatc, and the indiffcicnt woids weic learned with least 
efficiency The smallest difleicnce is that between P and U, heie 
the cntical lalio is 2 55. The other (liftciciu.es aie statistically 
lehublc (cutii.d l.itios of 6.0+ and 8 31) 

2. The tiends heie found in the learning of college students ate 
the same ns those shown m studies of adolescents. The findings 
e.ulici demonstiatcd with the clnldicn aie evidently not phenomena 
associated exclusively with a pmlicular developmental pcnod It is 
piobablv justifiable to conclude that the tendencies which have been 
demonstiatcd apply to a wide sampling of persons in om piesent 
social envuonment 

3, Thcie is no functional relationship between the learning ic- 
sults and the pioceduies involved in classifying the woids oi in fioe 
association to the woids. The previously established trends in learn¬ 
ing have been confiimcd with a new group of subjects who weie 
utilized only in the learning expenment and not in the procedures 
foi evaluating the stimuli 
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A STUDY OF THE RELATIONSHIP BETWEEN DIS¬ 
CIPLINE AND PERSONALITY TRAITS 
IN LITTLE CHILDREN* 

Pennsylvania Stale Collcoe 


Mary Ellen Ayer and Robert G Bernreuter 


In woiking with adults who are highly unstable it is commonly 
pointed out that as children they wcie handled poorly It was 
thought that such instability would accumulate as a gradual piling 
up of small lnsecimtics beginning in eaily childhood. This study 
is an effort to find out if there is any relationship between the kind 
of discipline that is used in the home and the peisonahty characteris¬ 
tics of the children who are being disciplined. 

The Method Used 

Forty children of preschool age, 18 in attendance at the Pennsyl¬ 
vania State College Nursery School and 22 in an Emergency Nurs¬ 
ery School in State College, were chosen as subjects of the study 
The children in the College Nuisery School came fiom the homes 
of the me i chant and professional class; the Emergency Nursery 
School group was made up of children from homes on the minimum 
of subsistence level. 

The Merrill-Palmer Scale of Mental Tests, administered to both 
gioups, showed that the mental ranking of the children in the 
College Nuisery School was between the 73rd and the 99th peiccn- 
tile, with the median point at the 93id percentile, and that of the 
Emergency Nursery School group is between a low 20th percentile 
and the 99th percentile, with the median point at the 60th per¬ 
centile 

Four aspects of personality, Sociability with Other Childicn, At¬ 
tractiveness of Peisonahty, Tendency to Face Reality, and Inde¬ 
pendence of Adult Affection or Attention, were measured by select¬ 
ing these foui scales from the Merrill-Palmer Personality Rating 
Sheets Each child was given personality ratings by at least three 

^Received in the Editorial Office on September 10, 1936 
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and in some cases as many as seven inters In the College Nuisery 
School, ratings weie clone foi each child by the head teachet and hei 
assistant The otlicr inters in the College Nurseiy School gioup 
were college seniois who had had pait-timc piactice in the school 
for a scmcstei The gioup of Emergency School childien weie 
latcd bv three tcacheis who had dnilj' contacts with the children 

An mteivicw foi deternnnmg the kind and amount of discipline 
used was devised and used with parents of the pieschool childien 
Discipline was divided into these eight fields foi the purpose of 
ineasuung it. 

I Physical punishment 

2. Isolating or igiiming the child 

3 Natural lcsult of child’s act 

4 Woiry (seating child and making him afiaul and wouied) 

5 Rewards oi promised icwaids. 

6 Doing the (list thing that pops into a parent's head 

7 Temper (on pint of patent to get child to do what is wanted) 

8. Penance (such as making child sit on chan oi go to bed) 

Motliets, in eveiy case, and fathcis when at home weie intci- 
vicwetl The pnients were asked if they used a given method of 
discipline, to give an example of it as used with the child, and to 
name the frequency with which it was used Ficqucncy of use was 
divided into five gioups' “never,” "hardly evei,” "now and then,” 
"quite often,” "all the time ” 

These statements of the paients regaulmg the amount of discipline 
used wcie given aibitiaiy scoic values fiom 0 to 4, “0” being as 
signed to the “ncvci” gioup and "4” to the "all the time” In 
ordci to dcteiminc the relationship between the peisonahty zatmg 
scores and the method of discipline used, bisciial coefficients of cor- 
ielation wcie computed An aibitiaiy dividing line to be used in 
dctcimining those conclations was diawn between the "haidly evei” 
and “now and then” groupings This giouped the “nevei” and the 
"haidly evei” into one categoiy, and the othei statements into the 
.second caicgoiv 

The cimeal ratios both foi the frequency with which vanous 
methods of discipline aie used m the two nuiseiy schools and foi the 
personality trait scoies in the sepaiate nurseiy schools were obtained 
by dividing the diftciences by the standaid errois of the diffeiences. 
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Results 

The means and standaid deviations of the pcisonality lating 
scoies foi each of the two schools is shown in Table 1 This table 

TABLE l 

Means and Standard Deviations tor Personat ity Raiings or Comet 
Nursfra, Emergency Nurslra Schooi, and Critic\ i Raiios of Born 

COMBINI D 



College 

Nursery 

Emeigcncy Nnisety 




School 

School 

Critical 

tatlns 


Mean 

S D 

Mean 

SD 

Mean 

SD 

Sociability lvitb 
othei cluldien 
Attractiveness of 

70 8 

10 0 

61 1 

17 S 

2 2 

—2 5 

personality 
Tendency to face 

62 7 

87 

54 2 

21 2 

1 7 

—3 6 

reality 

Independent of adult 

6S 8 

12! 

55 7 

22 0 

2 + 

—2 5 

affection oi 
attention 

6+7 

12 8 

62 2 

15 2 

0 6 

—0 8 


makes it apparent that the College Nmsery Scliool ratings aie lnghei 
than those of the Emeigcncy Nuiseiy School. Fiom an inspection 
of the standaid deviations shown in Table 1, it is also appaicnt that 
the Emergency Nursery School child ten ate moie vanable than the 
College Nuiseiy School cluldien. The critical ratios of the dif- 
fciences between the means shows that the difteience between the 
two schools in sociability with othei child ten and tendency to face 
icality aie statistically significant and that the difteience in attiac¬ 
tiveness of peisouality appioaches statistical significance The cnti- 
cal i.itios of the thfteienpes in the standaid deviations arc significant 
foi all of the tiaits except independence of adult aftection oi at¬ 
tention. 

The means and cntical idtios of the frequency with which vanous 
methods of discipline weie used in the College and Emeigcncy Nurs- 
civ Schools aie shown in Table 2 Tile gicatci use of penance, tem¬ 
per, and the (list thing that pops into a patent's head m the Emci- 
genev Nuiseiy School aie shown by the cntic.il latios to be signifi¬ 
cant diiicienccs The score values, showing the moic ficqucnt use 
of woirv and physical punishment and the less frequent u c e of na- 
tuial icsult by the Emeigcncy Nuiseiy School gionp as compaied 
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TABLE 2 

Means and Critical Ratios or Frequency witIi wiuc-h Various Methods 
of Disupunc Were Used in Cqilege and Emfrglncy Nursery Schools 


Method of 
discipline 

College mean Emergency mean 

Critical ratio 

Physical 

1 78 

3,18 

—1 36 

Isolate 

2 33 

2.00 

0 81 

Natural result 

3 22 

2,82 

1 61 

Worry 

0 33 

146 

—1 78 

Rewards 

2 22 

2 27 

—0 16 

Pop into head 

0 78 

2 36 

—5 29 

Temper 

1 39 

2 32 

—3 12 

Penance 

0 61 

2.55 

—5 42 

with the fiequcncy of use 

in the othci group, a 

pproach statistical 

significance 

Iii this table 

a minus cxitical ratio 

indicates that the 


method of discipline is used moie frequently in the Emeigency Nurs¬ 


ery School than in the College Nurseiy School 

The coi relations between discipline and personality traits arc 
shown in Table 3. Plus values indicate that the moie frequently a 

TABLE 3 

Correlations hetvvcen Discipline and Personality Traits 

Independence 

Attractive- Tendency of adult 

Sociability with ness of to face affection 


Discipline 

other children 

personality 

reality 

or attention 

Physical 

+ 05 

— 17 

— 35 

— 20 

Isolate 

— 28 

— 06 

— 07 

+ 01 

Natural result 

+ 19 

+ 33 

+ 33 

+ 37 

Worry 

—.07 

— 21 

— 30 

— 44 

Rewards 

+ .30 

— 11 

- -.14 

— 15 

Pop into head 

— 40 

— 54 

* -52 

— 40 

Temper 

—.33 

— 42 

—.61 

— 10 

Penance 

— 15 

—.19 

—.44 

—.08 


method of discipline is used the moie desirable is the personality 
characteristic. Minus values indicate that the moie fiequently a 
method of discipline is used the less desirable is the peisonahty 
characteristic 

When physical punishment is used more, there is less tendency 
to face reality and more dependence upon adult affection and atten¬ 
tion. When isolation is used as a method of discipline, the study 
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shows that childien have a tendency to be less sociable with other 
childicn Natural result used as a means of discipline shows itself 
to be a good method, for theie is a definite positive relationship with 
it and attractiveness of personality, tendency to face reality, and in¬ 
dependence of adult affection or attention As worry is used, scores 
for attiactivcness of personality, tendency to face reality, and inde¬ 
pendence of adult affection or attention become lower When chil¬ 
dren leceive lewaids for doing what they are supposed to do, they 
tend to have a highei latmg in sociability with othci cluldicn Theie 
is a definite negative correlation between doing the first thing that 
pops into one’s head and each of the peisonalitv rating factors 
Temper, used as a disciplinary method, is shown by this study to 
make children less sociable, to have less atti active personalities, and 
to face leality less. When penance is used as a method of discipline, 
children tend to face reality less. 

Summary and Conclusions 

1 The foregoing paper deals with an attempt to discover the 
relationship between discipline and personality ti aits in little chil¬ 
dren 

2 Forty childicn of preschool age were studied—18 were from 
the Pennsylvania State College Nuisery School and the other 22 
from an Emergency School located in State College, Pennsylvania 

3. The Merrill-Palmer Peisonality Rating Scale was used as a 
method of getting a personality scoring for the children 

4. Nurseiy school teachers and students having fiequent con¬ 
tacts with the children were selected as those to late the children 
on the personality rating scale 

5. Through an inteiview with at least one parent of each child, 
the kind and amount of discipline used was determined 

6 Bisenal coefficients of correlation weie computed to deter¬ 
mine the relationship between the personality rating scores and the 
kind and amount of discipline used 

7 In general, childien in the College Nuisery School have a 
higher personality rating in sociability with other children and in 
tendency to face reality than do the childien in the Emergency 
Nursery School. 

8 Physical punishment, temper, penance, and the first tiling that 
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pops into the paient's head wcie used much moie frequently by tlie 
parents in the Emeigcncy Nuiseiy School than in the College Nuis- 
ery Sdiool 

9. Methods of isolation, physical punishment, and natural ic- 
sults wcie used most frequently bv the parents taking both nuiseiy 
schools combined, 

10. As physical pum«hmcnt is used moie with childien, the 
children tend to face icality less and show more dependence upon 
adult affection oi attention 

11. Attractiveness of pcisonnhty, tendency to face icality, and 
independence of adult affection oi attention aie fostered when chil¬ 
dren are allowed to piolit by the natuial results of their acts 

12 Woiry makes childien moie dependent upon adull affection 
oi attention, less apt to face icality, and the children disciplined 
this way have less attiactive personalities 

13. Giving childien iewaids ioi doing things they aie sup¬ 
posed to do develops sociability with othci childien 

14 Frequency with which an adult does the first thing that pops 
into lus head has a definite beaimg on the personality of the child 
It makes childien have less attractive pcisonalitics, be less apt to 
face icality, be less sociable with other childien, and more dependent 
upon adult affection oi attention 

15 Using temper in disciplining children makes childien less 
likely to face reality, less sociable, and makes them have less attrac¬ 
tive personalities, 

16 Penance used as a punishment makes childien less likely to 
face i entity. 

Pennsylvania Stale Cal lege 
State College, Pennsylvania 



REMINISCENCE IN MAZE LEARNING BY KINDER¬ 
GARTEN CHILDREN * 

Wesleyan Untvcisily 


Grace O McGeocii 


Problem 

Reminiscence is the impiovcmcnt in the lecall of incompletely 
learned material aftci an intei val dining which thcie is no founal 
lcleaimng 01 icheaisal. A cutical lcviciv of the expeumental liteta- 
tuic on lemmiscence ( 3 ) has shown that many types of vcilnl 
matenals, eg, poetiy, prose, nonsense syllables, lists of woids, etc, 
,nc susceptible to lemmiscence, and that piobably the phenomenon 
is much moie pievalcnt than data on ictcntion in tcims of the 
aveiage scoie of the group lcveal. It was shown that gioup avei- 
ages aic inadequate measuies of lemmiscence, while the peicentagcs 
of subjects exhibiting it and the amount shown by them ,ue adequate 
measuies Attention was called to the fact that acts of skill weie 
not in the list of matenals winch had been shown to be susceptib'e 
to lemmiscence Decisive evidence of the pioencc of lemmiscence 
m motoi learning would have impoitant beanng oil the question of 
ibe effect of leview duung the inteival upon the phenomenon 

That leminisccncc is not necessaiily a function of the advcntitiou. 
factoi of icvieiv was concluded by McGcoch ( 3 ) on the basis of 
data fiom two cxpciiments on the learning of poetiy by thud- and 
fouith-giade school childien This conclusion lcsted on a companion 
of the lemmiscence exhibited by the Review Gioup, which was by 
tai the laigci gioup, and bv the No-llcvicw’ Gioup A 11101c deci¬ 
sive technique of studying the effect of icvicw upon reminiscence 
would be the isolation of leview by pi eventing its occunenct In 
acts of skill such as maze learning the chances of ichcnisal dm mg 
tlie intei val aic much smallei than with veibal matcnal Bunch 
and Magdsick ( 1 ) lcduced the chances of icheaisal occunmg to 
the minimum by using white rats as subjects in a maze pioblcm 

’’Received in the Pditorul Office on Scpiembei 10, 1936 
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They concluded on the basis of statistically reliable data that theic 
is an initial rise instead of a decline in the cmve of retention under 
conditions of no uiteivcning piactice or lehearsal Then expcii- 
mental set-up, however, differed in seveial lcspccts fiom that m 
which lcmimscence with verbal matenals has been studied Seven 
groups, one conti ol gioup and six expeiimcntal groups, wcie equated 
in degiee of incomplete learning bv being given six mechanically 
guided tiials thiough a multiple-T watci maze. The control 
group, immediately after the guidance, learned the maze to complete 
mastery (three eiioiiess runs in succession), while the experi¬ 
mental gioups did so aftei inieivaU of 1,3, 6, 12, 24, and 48 horns, 
icspcctiYcly. Reminiscence was studied by comparisons of the con¬ 
ti ol gioup with the expeiimental gioups in terms of the average 
scoies of the gioup (time, trials, and enors) in the final mastery 
of the maze The authors state (p. 407) that "the extent to which 
the partial learning is utilized in the later mastery of the problem, 
as indicated by the scores in final masteiy aftei the time intervals, 
is taken as a measure of retention." This is not retention in the 
sense in which it has been used in ptevious studies of lcminisccncc: 
a companson of the control gioup with the expeiimental groups in 
perfoimance on the seventh trial would have yielded a measure of 
intention analogous to the delayed lecall in experiments with verbal 
materials 

There is a suggestion that reminiscence might be present in the 
results obtained by McGinnis (7) on maze learning by pieschool 
children in that there ts a gieater deciease in eirors from the fifth 

TABLE 1 
Mean Errors 

[Data from McGinnis (7, p. 262).] 

Group I Gioup II Gioup III 

5 years 4 years 3 years 


Trial 4 

4 25 

8 30 

7 

85 

Trial 5 

3.85 

6 70 

6 

80 

Difference 

40 

1 60 

1 

05 

Tnal 5 

3 85 

6.70 

6 

80 

Trial 6 

1 85 

4 80 

5 

20 

Difference 

2.00 

1 90 

1 

60 
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to the sixth trials, between which thcie was a 24-houi mteival, than 
fiom the fourth to the fifth trials which wcie in immediate suc¬ 
cession The data are presented in Table 1 It will be seen from 
a study of the table that this decrease in criors is gicatest with the 
fivc-yeai-old group Since no measures of variability are published, 
however, the leliabihty of these differences cannot be determined 
Furtheimoic, since there were no contiol groups, ic, groups who 
weic given six tuals in succession, theic is no way of dcteimming 
whether the gi eater improvement on the sixth tual is actually 
reminiscence appealing aftei the 24-hour inteival 01 simply the 
result of continued practice. 

The piesent cxpci inicnt was designed to answci this question. 
Two gioups of fivc-yeai-old kmdeigartcn childlen wcie given five 
tiials in the Young Slot Maze A The Control Gioup took five 
tuals in immediate succession, while Expeilmcntal Gioup I took 
four consecutive tiials and the fifth after an interval of 24 horns. 1 
If the childien in the two groups aie matched in the learning of the 
first four tiials, differences between the two groups on the fifth 
tual can be consideied a function of the 24-hour interval. If 
icmimscence is piesent, Expeiimental Group I should be super 101 to 
the Control Group on the fifth tual 

Experiment I • Interval between Fourth and Fifth Trials 

Subjects The subjects were 174 five-year-old children (age 
range, 60-72 months) of two public school kindergaitens in St 
Louis 2 Theie weie 93 children in the Contiol Gioup, 45 bovs and 
48 gnls, and 81 children in Expei imental Gioup I, 47 boys and 34 
gills. Ail tiie chddien weic of aveiage or above avciage intelli¬ 
gence according to the results of either the Stanford Revision of the 
Binct-Simon Intelligence Test or the Pintncr-Cunmnglum Piimuiy 
Mental Test They weic homogeneous in socio-economic status, 
coming fiom a veiy good residential district of St Louis The 
matching of the children fiom the Control and Experimental Gioups 
on the basis of peiformance in the first four trials will be described 
later 

*It was planned at fmt to have the Control Group run sji trials in suc¬ 
cession, but preliminary work levealed the fact that six trials made the 
sitting too long for the slower learners 

“Acknowledgment is here made to Mrs Rossi and Mrs C Vaulx of the 
Flynn Park School, and to Miss Gosch of the Jackson Park School for their 
generous cooperation 
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mos (ctat± 49) and the mean IQ 115 53 (<^±1 96) 0 In Table 
2 are given for the 35 pans the mean time in seconds, the sigma 
of the mean, and the range for Trials 1, 2, 3, and 4 It will he 
seen from this table that the greatest diffeicnce between the two 
groups m the mean time for any trial was 1 7 sec (±8 7) 

The following facts constitute further evidence of the adequacy 
of the matching The difference between the pans was less than 
15 sec in 30 of the 35 pairs in Trial 1 and in 32 pairs in Trial 2, 
while the difference was less than 10 sec in 29 pairs in Trial 3 and 
in 34 pairs in Trial 4 Such close matching means not only a great 
similarity between the two groups in the time for each trial but 
also m the general course of the learning with 23 pairs there was 
a progressive decrease m time with each trial, with four, five, and 
three pairs there weie inveisions to increased time in Trials 2, 3, 
and 4, respectively 

The 35 pairs are sufficiently equated in time taken on each of 
the first four trials to justify treating a comparison of the two groups 
in the time taken on the fifth trial as a test of the presence of remin¬ 
iscence, The mean time on the fifth trial, the sigma of the mean, 7 
and the range for each group are presented m Table 3 

°It will be noticed thnt the slight superiority of the Control Group in 
IQ is not reliable Furthermore, the fact thnt the correlations between 
IQ and the various measures of learning, including total time and total 
errors, ranged from only —,218 (± 083) to + 109 (±107) indicates that 
there is little, if any, relationship between IQ and maze learning in the 
sampling of children used, and justifies the practical necessity of not match¬ 
ing in IQ as well as m time and error scores 
’These sigmas of matched groups were compute d by the following form- 

uVl—r“ 

ula given by Lindquist (2, p 199) , <r af = -= Here a i( < repre- 

y/N 

sents the sigma of the mean of a matched group, a, the sigma of the 
distribution, r, the Pearson product-moment coefficient of correlation between 
the measures used as a basis for matching and the measures for which 
the mean is computed In thiB case the total of the first four trials was 
taken for the basis of matching The figures given below show that the 
correlations obtained were all positive but low, and therefore they changed 
very little, if any, the sigmas of the means computed by the usual formula 


which nre 

also given 

Time 



Errors 


Group 

r 

PE 

a il 

r 

P E 

a M 

Control 

4- U 

± 11 

115 

+ 09 

±.1I 

37 

Exper I 

+ 23 

± 11 

1 00 

4- 20 

± 11 

.54 
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Study of this table will show that it took Experimental Gioup I 
2.40 sec less time, on the average, than the Control Group This 
difference, however, has a sigma of 1.50 Furthermore, an analysis 
of the two groups on the basis of the percentage of subjects showing 
improvement and forgetting and the mean amount shown levealed 
no significant differences between the Control Group and Expen- 
mental Group I. The results are also given in Tabic 3. Examina¬ 
tion of these results reveal the fact that the two groups are 
rcmaikably similar on the fifth tnal* 62 9 per cent of the children 
in the Conti ol Group compaied to 60 0 per cent of Experimental 
Group I improved, i.e., took less time on the fifth trial than on the 
fourthj 31 4 per cent in each group forgot, i.e , took longer on the 
fifth tnal than on the fourth, while 5 7 per cent of the Con¬ 
trol Gioup compaied to 8,6 per cent of Experimental Group I 
took the same time on the fifth as on the fourth. Furthermore, 
the difference of 40 sec in favoi of the Control Group in the mean 
amount of improvement shown is not significant since its sigma 8 
is 84 

These results in terms of time stoics yield no evidence of the 
presence of reminiscence in the fifth trial. The conclusion that 
reminiscence is not present is conobornted by the following analysis 
of the error scores. 

Pairs Matched in Enois Thirty-two pairs of subjects weie 
found who weie equated in errors on the first four tnals The 
mean CA of the 32 children from the Control Group was 66 40 mos 
((r Jf ± 55) and the mean IQ was l IS 28 ((r 3[ ±:2 31) The 32 
children from Expeiimcntal Group I had a mean CA of 68 06 
mos (o-jf±: 66) and a mean IQ of 113.46 (ay±2 58). The mean 
numbei of errors with its sigma and the lange in error scores of 
each group for the four trials are given in Table 2. The greatest 
difference between the two gioups in the mean number of errors 
for any one trial was 13 enors (±3 5) in Trial 2 The closeness 
of matching is indicated fuither by the following facts In Trials 
1 and 2, 23 and 27 pairs, respectively, diffcied by less than five 


"It is interesting to note here also the mean amount of forgetting exhibited 
by the 11 subjects in each gioup The small numbcis preclude statistical 
treatment, but it is highly doubtful if there are significant differences be¬ 
tween the two groups in this respect 
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eirors, in Tual 3, 30 pairs differed by less than four eirors, while 
m Trial 4 all pairs diffcied by less than four errors. Again there 
was great similarity between the pans in the gcncial course of the 
learning, with 28 pairs there was a progressive decrease in errors 
with each tn.il, while there was an inversion m the second trial 
with three pans and in the thud tual with one paii 

Again we look to the fifth tnal for evidence of reminiscence. The 
relevant data aie found in Table 3 Study of this table shows 
that there is practically no difference between the Contiol Gioup 
and Experimental Gioup I in the mean number of errors in the 
fifth trial, since the difference of —24 has a sigma of 65 Like¬ 
wise in teims of the peiccntagc of subjects who exhibited fewer 
erioxs, moic enors, oi the same number of enois on the fifth 
trial compaicd to the fourth the two groups aic very similar 46.9 
per cent of the Control Gioup compaicd to 50 0 per cent of Experi¬ 
mental Group I improved, 312 pei cent of each group foigot; 
and 21 9 pei cent of the control Group compared to 18.7 per cent 
of Experimental Group I had the same eiroi scoie Furthermore, 
there is no significant diffeiericc between the two groups in the mean 
amount of impiovement, since the difteience of 13 has a sigma 0 
of 39. Thus the results in teims of ciror scores, as those in teims 
of time scores, do not yield evidence of reminiscence m the fifth 
trial 

The explanation of these results may lie in the fact that the 
phenomenon of reminiscence is a function of the material and is not 
picscnt in the learning of the Young Slot Maze A by five-year-old 
childien, oi in the fact that reminiscence is conditioned by othei 
factois, such as the length of the time inteival, which in oui cxpen- 
mental set-up were not favorable to its appealance Degree of 
learning or stage in the learning process might be another such 
factor, 10 It is possible that there is a stage of learning for the 


®As in the analysis of the time scoies, the number of subjects showing 
forgetting is too small to treat statistically It is, nevertheless, interesting to 
note that, with the omission of the one child in Expeumenial Group I 
who made 14 more errors on the fifth tual than on the fomth, the mean 
number of errors for the remaining nine children is 3 11 This is only 31 
above the mean of the 10 subjects from the Control Group, 
l0 The experimental literature on veibal learning permits no definitive 
statement regarding the effect of degree of learning upon reminiscence (5) 
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inseition of the inteival of time optimal for yielding reminiscence. 
Pei haps after the fouith tual it was too late in the learning pioccss 
to pioduce reminiscence That the Control Group had reached a 
negatively accelerated stage of learning can be seen from the data 
given in Tables 2 and 3. 

Experiment II: Interval between Second and Third Trials 

To test the possibility that reminiscence might occur at an earlier 
stage in learning, anothci gioup, which will be designated Experi¬ 
mental Group II, was used with whom the 24-hour intei val was 
inserted between the second and thud tuals The pioccduEe in all 
othci respects was the same as that used with the Contiol Group 
and Experimental Group I. The 64 subjects in Expciimcntal 
Gioup II, 35 boys and 29 girls, weie livc-yeai-old kindergarten 
children fiom the same schools and, therefore, similar to the other 
subjects in socio-economic status and intelligence 11 

Results 

If reminiscence is piesent, it should be appaient in a comparison 
of the Control Group with Expeiimcntal Group II on the third 
trial, piuvided the two groups have been equated in learning in 
Tuals 1 and 2 

Pahs Matched in Tune Theie weie 35 children in the Conti ol 
Gioup (mean CA 67 54 mos 52) who could be paired with 
35 clnldien in Experimental Gioup II (mean CA 66 25 mos 
o- u ± 64) in the time taken foi the fiist and second tuals With 
6 of the 35 pans the difference in time in evthci trial was between 
11 and 15 sec., with 8 pans, between 6 and 10 sec , with 21 pans, 
5 sec or less. The closeness of the matching is further evident from 
a study of the data given in Table 4 which include the mean time 
and its sigma 1 ** and the range of the two gioups for each tual 


“Intelligence test scores weie not available foi Expei imcntal Group II, 
but, as was discussed befoic, there is little relationship between intelli¬ 
gence scoics and maze learning with the sampling of children used Fur- 
thermaie, intelligence has not been demonstiated to be a factor in remin¬ 
iscence, 

3S These sigmas of means of matched groups weie computed hv the formula 
given earlier in this papei The total of the fiist two trials was the basis 
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Turning to Tnal 3 for evidence of reminiscence, we find a differ¬ 
ence of 9 03 sec in mean time in favor of Expei imental Gioup II 
This diffeiencc is not reliable, however, since its sigma is 7 09 
Fuither analysis of the third trial yielded no evidence of remin¬ 
iscence 71.4 pei cent of each group showed improvement, and there 
was no significant difteicnce between the two groups in the mean 
amount of impiovement shown (Control Group, 27 6 sec ±8 6, 
Experimental Group, II 31 2 sec, ±6 9). 

This failure to find lemimscence in the time scores was coi- 
robotated by the following results in terms of eirors 

Pahs Matched in En ots Forty-five children in the Control 
Gioup (mean CA 66 62 mos crj{±,47) were matched with 45 
children in Experimental Gioup II (mean CA 66.48 mos o-jjf± 49) 
The closeness of the rrfatching is indicated by the data given in 
Table 4 The following facts constitute further evidence, with 
34 of the 45 pairs the difference in either tnal was two cnors or 
less, while with the remaining 11 pans the difteicnce was between 
three and five errors. 

Again turning to the third trial for evidence of reminiscence we 
find the diffeience of 5 07 errors in favor of Experimental Group 
II has a sigma of 3 27 and is, therefore, not significant. Fuithei- 
moie, although 64 4 per cent (±7 2 per cent) of the Contiol Group 
compared to 51 1 per cent (±7 5 per cent) of Experimental Group 
II showed impiovement, the diffeiencc here of 13.3 per cent has i 
sigma of 10.4 pei cent Likewise there is no reliable difference 
between the two gioups in the mean amount of improvement shown • 
Control Group 9 1 (±20) errors, Expci imental Group II 125 
(±2.1) eirors 

Discussion 

Under oui cxpeiimental conditions reminiscence is not present in 
maze learning by kindergarten children. It is highly doubtful, how- 

of matching The coirelations and the sigmas of the means, computed 
by the usual foimula, are as follows 

Time Errois 

Group r PE try r PE a ^ 

Control +.19 ± 11 6 58 + 22 ±09 2 10 

Exper II +53 ± 08 3 55 + 39 ±09 143 
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evei, that this failuic to find lemmiscencc should be consideied to 
imply that acts of skill in general are not susceptible to reminiscence 
Attention has been called elsewhere (3) to the relationship between 
reminiscence and the superiority of distributed practice in learning, 
a phenomenon occurring in the learning of acts of skill as well as of 
verbal materials The optimal stage in the course of learning for 
the insertion of a rest mtcival is a function of many conditions (6) 
It is highly piobablc that conditions determining reminiscence have 
a differential effect upon the individual members of a group in anv 
experimental set-up 13 Therefore, a rest mteival inserted at an 
arbitrarily chosen stage in the learning of a gioup, eg, after two 
trials or foul tiials, would not yield lemmisccnce in all mcmbeis of 
that group. This would be paiticulatly true of a maze pattern of 
great unevenness in difficulty The Young Slot Maze A is aa un¬ 
fortunate selection because of the fact that in one section of it 
(alley 9) behavior commonly desenbed as “insight” occurred the 
subject caught on to the fact that he had to move away from the 
goal, which was spatially then veiy neai, m order to reach it 14 
The fact that the data show remaikablj' little effect of any kind of 
the insertion of the 24-hour interval upon the learning 115 suggests 
that the effects of the interruption of pi notice were less important 
than the particular stage of the learning, r.c, the presence of “in¬ 
sight” with respect to tins most difficult section of the maze If 
the 24-hour interval had been inserted at the ctiiical time for each 
individual with respect to lus catching oil to the fact (and his 
accompanying emotional state) that he must move awav from the 


"Results (4, pp 107-108) on the learning of two sets of materials under 
identical conditions by the same subjects did not yield evidence of the con¬ 
stancy of reminiscence in a given learner, ic, some subjects wcic not 
reminiscers and otheis non-rcminisceis This suggests that the phenomenon 
is determined more by the conditions of learning than by the learners 
"McGinnis (7, p 260) also found with her five-yeai-old group the great¬ 
est number of errors in this section 

"The great similarity on the fifth trial between the Control Group and 
Experimental Group II in terms of reminiscence and forgetting has been 
discussed above It might be argued, however, that, although the effects of 
the interruption of practice might not be apparent on the first trial after 
the 24-hour interval, subsequent trials might reveal some effects With 
Experimental Group II the data on the fourth trial as well as the third 
trial were available Analysis of the fourth trial gave the same results, 
in time or error scoies, there vvtre no consistent or reliable differences 
between the Control Group and Experimental Group II 
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goal at the entiance to Alley 9, theie might have been evidence of 
reminiscence The factois determining this cntical time constitute, 
of com sc, a part of our main problem, the conditions of icmimsccncc 

In the beginning of this paper the importance of the presence of 
reminiscence in motor learning with respect to the question of the 
effect of icview during the inteival upon the phenomenon was 
mentioned The most decisive technique of studying the effect of 
review upon reminiscence is the isolation of review by preventing its 
oceunence In acts of skill, such as maze learning, and with veiy 
young human subjects oi animals, the chances of unintentional re¬ 
heal sal dunng the interval aic reduced to a minimum The sug¬ 
gestion in the data of McGinnis (7) that reminiscence is picscnt 
in the learning of the Young Slot Maze A by kmdcigniten children 
1ms not mateualized The pioblem should be attacked with a moic 
uniformly difficult act of skill 

Summary and Conclusions 

The puipose of this expenment was to discover whethci remin¬ 
iscence occuned in maze learning with kindeigarten children The 
Young Slot Maze A was used with 241 five-year-old children of 
average and supenoi intelligence, who weie divided into three 
groups a Contiol Gioup who took five tnals in succession, Experi¬ 
mental Groups I and II with whom an ititcival of 24 hours was 
inserted between the fomth and fifth trials, and the second and third 
trials, respectively Children in the Control Gioup were matched 
in time scoies and eiroi scores, on the first four tnals with those 
in Expeumental Gioup I, and on the first two tnals with those 
in Experimental Group II On any one tnal the majority of the 
members of a paii did not differ in time scoies moie than 10 sec 
and in enor scoies more than two eriois Comparisons weic made, 
in terms of time and cnois, of the fifth ti ml of the Control Gioup 
with the fifth trial of Experimental Group I, and of the third trial 
of the Contiol Gioup with the thud trial of Experimental Group II 
There is no consistent oi icliablc evidence of reminiscence in either 
Experimental Group 
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A FURTHER STUDY OF EARLY CHILDHOOD 
MEMORY* 

Ohio Slate University 


Harold E Burtt 


The present study is a continuation of one reported earlier (1) m 
which nonsense material, piesented systematically to the subject in 
infancy, was relearned at a later age and the rate of relearning com- 
pared with the late of learning new material of similar nature The 
previously repoitcd lclearning experiment began at the age of 8)4, 
the picsent one at the age of 14. The m&tenal consisted of selec¬ 
tions fiom Sophocles’ Oedipus Tpi annus in the original Gieck, which 
was tantamount to nonsense material Each selection included ap¬ 
proximately 20 lines or 240 syllables of iambic hexametei The sub¬ 
ject was a boy with an IQ of approximately 130 At the age of 15 
mos, three of these selections were read to him once daily for a 
period of 3 mos—a total of 90 lepetitions At the age of 18 mos 
these selections were discontinued and thiee others lead daily for 3 
mos This procedure was continued until the subject was three 
years old and 21 selections had been presented The 8)4-year ex¬ 
periment utilized only one-thnd (seven selections) of the available 
mateiial which had been presented in infancy plus three new selec¬ 
tions. The 14-year expciiment employed another third of this 
original mateiial plus thiee other new selections, and makes possible 
a compaiison of the “saving” at these two ages 

The procedure at 14 yeais was piacticallv identical with that 
at 8)4, except that the distnbution of tnals was a trifle more um- 
foim Two trials weie given daily for the most pait One inter¬ 
ruption of five days occuricd at about the 150th trial after several 
of the selections weie alicady completed and out of the way The 
entire 10 selections under compaiison weie always given in a trial, 
and their older fiom tnal to trial was rotated systematically For 
instance, if one tual was 2, 5, 8, 11, 14, 17, 20, D, E, F and next 
would be 5, 8, 11, 14, 17, 20, D, E F 2 As in the earlier ex- 

*Reccived in tlie Editorial Office on September 20, 1936 


187 



188 


JOURNAL OF GPNUTIC PSYCHOLOGY 


peiimcnt, the 10 selections weie merely rend to the subject for the 
first 18 mals Beginning with the 19th, every thud tual used the 
prompting method m. which the selection was read slowly and the 
subject anticipated any words or syllables which he could These 
words were undcilined in the text and the date noted at which they 
had first been anticipated correctly This pioceduic was continued 
until cveiy won! in the selection, with the exception of the initial 
luc woids, had been anticipated and the icquisite number of trials 
constituted one item of scoie The lepetitions were continued if 
necessary until the subject could recite the cntnc selection without 
prompting, and the numbei of trials up to tins point constituted the 
second item of score The attitude of the subject in the present case 
was somewhat superior to that in the eailiei experiment because he 
undci stood the scientific importance to a greater extent Motivation 
seemed entirely adequate throughout Toward the end theic Was 
a little unavoidable furthei motivation as ceitain selections were 
learned and diopped fiom fuithcr consideiation and effort was 
made to get still others out of the way 

A vaiiable which could not be controlled was the occasional 
tendency for the subject to think of words or phiases between tiials 
A little beyond 100 trials he began to lecite phiases spontaneously 
when riding, walking, or swimming Accoiding to his repoit at 
the end of the experiment, he seldom did this except when in the 
company of the expenmenter On this basis the occasions were not 
very numeious The expeiimenter made no comment on such occa¬ 
sions After tual 118 the subject rcmaiked that some of the selec¬ 
tions weie nearly learned, and quoted part of selection XX to illus¬ 
trate his point. A few days latei he realized that XX was com¬ 
plete except for one gioup of words and he tried to quote it be¬ 
tween trials in older to dctciminc where he was ‘‘stuck” Subse¬ 
quently, he listened intently to that pait of the selection The above 
is the only instance that the expenmentei observed in which the 
conduct of the subject gave any selection an undue advantage It 
is probable that this consideration between trials affected the selec¬ 
tions about equally When questioned at the conclusion of the 
expenment, the subject leported that no selections had been par- 
ticulaily impressive and he had no notion as to which ones weie 
being relearned and which ones learned de novo 
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The mam lesults, together with some data from the 8j4-ycar 
expeiiment, by way of companson, appear in Table 1 The first 

TABLE 1 


Eight-year experiment Fourteen-year experiment 


Age in mo9 
at original 
reading 

Selec¬ 

tion 

Repetitions 
Anticipate Recite 
each word entire 

Selec¬ 

tion 

Repetit 
Anticipate 
each word 

ons 

Recite 

entire 

15-18 

III 

361 

382 

II 

142 

142 

18-21 

VI 

250 

253 

V 

133 

139 

21-24 

IX 

376 

385 

VIII 

148 

169 

24-27 

XII 

355 

379 

XI 

148 

151 

27-30 

XV 

304 

328 

XIV 

145 

145 

30-33 

XVIII 

217 

226 

XVII 

169 

169 

33-36 

XXI 

259 

265 

XX 

127 

127 

Av of all 


303 

317 


its 

149 

Av 3 early 


329 

340 


141 

150 

Av 4 later 


284 

299 


147 

148 

Control 

A 

409 

409 

D 

163 

169 


n 

445 

451 

E 

145 

151 


c 

436 

445 

F 

163 

166 

Av control 


430 

435 


157 

162 


column gives the age at which the original reading took place The 
Roman numeials in the second column indicate the arbitrary desig¬ 
nation of the selections that weie used in the 8^4-year expei iment. 
The two following columns give the number of repetitions necessaiy 
befoie the subject had anticipated each word m the selection and 
also the lcpetitions required in order to lccite it verbatim without 
prompting. The remaining columns give similar data for the 14- 
ycai expci iment The two selections involved in a iow of the 
table had been picscnted in infancy under identical conditions The 
aveiages for certain gioups of selections arc given in the rows indi¬ 
cated The lowei portion of the table gives the data for selections 
which weie learned de novo — A, B, and C foi the 8j4-j'car experi¬ 
ment and Dj E, and F for the 14-yeai expci iment 

The most general notion of the results may be obtained from the 
aveiages It requires 145 repetitions befoie each word oi syllable in 
the selection is anticipated in the relearning expenment, while with 
entirely new selections of comparable difficulty 157 repetitions are 
necessary The coiresponding averages, when it is a matter of 
actually reciting the selection without prompting, are 149 and 162 
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A considerable overlapping of the distnbutions is apparent, as some 
of the new selections acquire less repetition than some of those which 
aie relearned The saving averages about 8 per cent As a small 
number of items contribute to each average, it is neccssaiy to analyze 
the diftcience between aveiages according to the small sample theory 
(Fishei) ' In both of the above cases the probability, by this method 
of computation, is about 0 8 that the difteicncc is ical Thus, fiom 
a statistical standpoint the differences cannot be considered entirely 
significant. It is interesting to compare the present experiment with 
the cailici one In that case the saving was about 30 per cent 
as tontlasted with the picsent 8 per cent, and the difteiences were of 
undoubted statistical significance. The intervening six years pro¬ 
duced a considerable loss in retention foi the mateual piescnted m 
infancy 

Continuing the analysis in the same way that it was made with 
the first set of data, the ldeairimg is divided into two portions— 
Selections II, V, and VIII which wete originally presented when 
the subject was youngest, and Selections XI, XIV, XVII, and XX 
which were given later in infancy The aveiages appear in the 
rows of the table labelled "Av, thiee early” and “Av foul later,” 
respectively. In the 8l4-j'car experiment the selections presented 
later in infancy actually required less repetition foi i eLearning on 
the average. In the picsent instance this tendency has disappeared 
Again, the seven figuies in a given column may be ranked in oidei 
of magnitude and those ranks correlated with the oidei in which 
the selections weic presented originally in older to discovei any 
tendency foi the later selections to be learned more readily than 
the earlier ones In the 8j4-ycni experiment a con elation of 50 
was obtained in this way. In the present case the con elation is zeio 
Learning cuives arc shown m Figure 1, The abscissa indicates the 
trial and the ordinate the cumulative number of syllables correctly 
anticipated up to and inclusive of the tual The solid cutvcs are for 
834 years and the dotted ones for 14 The uppei cuivc in each 
instance is for lelearnmg and the lowei for learning de novo The 
separation of the curves was scrutinized foi its statistical significance 
Typical oidmatcs were taken at intervals of 2l trials and the sig¬ 
nificance of the difference between the ordinates for two curves com¬ 
puted in accordance with small sample theory In the 14-year curves, 
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aftei the fiist lew tiials, these diffciences have probabilities greater 
than 99 that the difference is real. This condition exists until near 
the 80th trial when the probability becomes approximately 98 
Thereafter the significance of the differences decreases as the curves 
approach one another. In the above respect the present experiment 
differs from the earlier. In that case, practically none of the dif¬ 
ferences between ordinates was significant The result is peihaps 
attributable to the slightly greater homogeneity of data in the pres¬ 
ent case. It appears that the selections came along together to a 
greater extent than they did in the original experiment. 

Another difference between the present and the earlier study is 
the much smaller number of repetitions necessary for both iclcaimng 
and learning For example, the three new selections required 162 
repetitions for a complete recital in the present case, whereas tn 
the eailier study they icquircd 435. Tins diffciencc is due paitially 
to the greater maturity of the subject and to bettei motivation. He 
appreciated the scientific importance of the experiment and was 
also aware of the fact that when he had learned a selection he would 
be through with it The main interest of the study, however, was 
in the comparative saving rather than the absolute scores 

On the whole, the experiment suggests that traces of the effect 
of presenting nonsense material m infancy weie present at age 14 
but that the effect was unquestionably less marked than at age S/ 2 . 
We still have available seven more selections which were presented 
in infancy and with which a third experiment will be possible at 
some future time. 
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Summary 

Meaningless material (20-line selections of Greek drama) was 
icad aloud to the subject daily, beginning at the age of 15 mos, 
Evciy 3 mos a different set of similar selections was used as material, 
nnd tins procedure was continued until the age of three, When the 
subject was 8j4-years old he learned some of the original material 
by a modified prompting method in comparison with other material 
which he learned de novo. A similai expenment was conducted with 
still other material from the original selections at the age of 14 

At the age of 8j^ the relearning required approximately 30 per 
cent fewer repetitions than were needed to leant new material. At 
the age of 14 the corresponding figure was 8 per cent. At the age 
of 8^ the original selections which had been presented later in 
infancy weic lelearned moic readily than those presented earlier in 
infancy By the age of 14 this diffeience had disappeared Learn¬ 
ing curves, howcvei, show some significant diffei cnees between the 
ordinates for learning and lclearning at the age of 14 The effect 
of the presentation in infancy was very maiked at the age of 8J4, 
but at the age of 14 the effect, while still appreciable, was consider¬ 
ably decreased 
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THE EFFECT OF PENALTY UPON FREQUENCY OF STUTTERING 

SPASMS* 

C Van Riplr 

One of the features with which the psychologist must constantly deal 
when investigating stuttering is the great amount of variation m the fre¬ 
quency of stutteiing blocks or spasms Steer (2) has shown that frequency 
of stuttering spasms is, at least to a certain degree, a function of the type 
of speech situation Van Riper and Hull (4) showed a piogitssive decrease 
in frequency of spasms as the stutteier adapted to any given speech situa¬ 
tion, However, little knowledge was gained from these experiments as to 
what factors m the situations weie responsible for the variations in fic- 
quency 

It was this experimenter's hypothesis that in any given speech situation 
one of the factors winch determines the fiequcncy of stuttering spasms is 
the felt or expected penalty which attaches to the stuttering spasm 

In order to determine the exact role played bv the expected penalty, the 
following procedure was devised and administeied to 16 stuttereis The 
stutterer was seated in the same room with two experimenters Electrodes 
connected with a Haivard induction coil were fastened to his neck lie 
was then given a leading passage which included all the sounds of the 
alphabet in their initial positions, and .i9kcd to read the passage six times, 
a one-minute rest being given between readings During the pause before 
the fourth reading, the stutterer was told that, for each spasm which oc¬ 
curred during that reading, he would be given a severe electric shack, 
the shocks to be given at the conclusion of that reading A sample shock 
waa administered The two experimenters, independent)} of each other, 
recorded the number of spasms per reading by underlining the words 
stuttered upon It was found that this threat produced an average in¬ 
crease of 5 2±0 8 over the preceding reading, all but one of the subjects 
showing an increased amount of stuttering This is of greater signihcance, 
in view of the finding of Van Riper and Hull that the number of spasms 
normally tends to dcciease fiom reading to rc-reading The added penalty 
placed upon stuttering, theiefoie, piodneed more spasms, a finding of im¬ 
mediate importance to clinicians 

In order to insure, however, that it was fear of a penalized stuttering 
rather than fear of electric shock which was responsible for this increase, 
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two further readings were used as cohtiols No shock was threatened or 
given on the fifth rending, but prior to the sixth reading the subject was 
told that he would be given as many shocks as he had had spasms on 
the initial reading, but that the number of spasms which he had would 
in no wise affect this number of shocks to be given at the end of the 
rending This threat was found to pioduce an average incicase of only 
15±Q7 spasms over the previous reading, approximately one-third of 
the subjects showing no increase whatsoever. 

When computed according to the usual methods, it was found that 
thcie were 99 chances out of 100 that tin cat of shock per spasm would 
produce more stuttering than thient of shock legaidless of spasms, the 
average diffeience being 4 5±0 6 in favor of the former, all but one 
of the subjects showing a greatei amount of stuttering in this direction, 
In older to eliminate eriora due to sequence, one-half of the subjects 
were given the threat of shock alone on the fourth leading and tin eat 
of shock per spasm on the sixth rending No essential differences were 
found whether the data for the two experimenters were averaged or treated 
separately, The data included in Table 1 represent the average of the 
two experimenter’s independent counts, 


TABLE 1 

DlFtfcRENCES IN FrEQUCNCI OF SPA5MS BETWEEN READINGS 


Compared readings 

Average diff 

SD 

Reading 1—Rending 2 

3 9 

3.6 

Rending 2—Rending 3 

3 3 

3 1 

Preceding reading—Tin cat of shock leading 
Preceding reading—Threat of shock per spasm 

—1 5 

2 7 

reading 

Threat of shock per spasm leading—Threat of 

—5 2 

3 0 

shock reading 

4,5 

2 6 


It IS felt that the results of the repoited experiment show conclusively 
that frequency of stuttering spasms is in part, at least, a function of the 
penalty felt by the stutteicr to be attached to them 
The importance of such a finding to theiapy is obvious, If one is to 
decrease the number of stuttering spasms, it is necessary to decieasc the 
penalty attached thereto Fundamentally, what society penalizes is the 
interiuption to communication and the abnormal manner in which com¬ 
munication is finally achieved Since the only symptoms common to all 
stutterers are the repetitions and prolongations of aiticulatory postures, 
and since the variation m symptoms fiom stutterer to stutteicr seems 
largely to be a function of the habitual leactions he makes to these primary 
symptoms (3), it would seem advisable to teach the stutterei a manner 
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of stuttenng which minimizes the intenoption and abnormality as much 
as possible Such a thciapy is at present being experimentally developed 
at the State University of Iowa Speech Clinic Similarly, this expcument 
points toward the development of mental-hygiene techniques in the direc¬ 
tion of those advocated by Bryngelson (1) 

Prom a theoretical point of view, the results of this experiment bear on 
the problems concerning dilfeienccs in the amount of stuttering in the 
so-called ‘‘easy’ 1 and "hard" situations, and upon the great individual 
dilfeienccs among stntteicrs 
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A NOTE ON THE PERSEVERATING TENDENCY IN STUTTERERS* 

Jon Eisenson 

We are interested in learning whethei stuttering is a foim of persevera¬ 
tion Perseveration is the tendency of ideas to remount into consciousness 
spontaneously, after they have once occurred II M, Cushing (1) defines 
perseveration as a lag or inertia of chemical-ncliral piocesses 

To date, investigators have been concerned chiefly with the phenomenon 
of perseveration In the ahnormal Ewen (2) investigated pciscveration 
in normal and epileptic subjects He found the perseverating tendency 
to be a feature of the peculiar mental state of epileptics between attacks 
II. II Jasper (3) defines perseveration as the tendency of a set of neurons, 
once excited, to peisist in this state of excitation autonomously, showing 
resistance to any chnnge in this state J, W. Pinard (+) found that per- 
severators tend to be nervous and sensitive The reoccurrence of a tune 
or a jingle or the feeling of being on rollei skates after the skates have 
been removed aie common examples of the perseverating tendency 

^Received in the Editorial Office on May 19, 1936 
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Tim paper will deal with the results of a preliminary investigation of 
lh e pencvcramig tendency in stutterers Is the tendency of the stutterer 
to repent a sound that he has made a manifestation of the pcrseveratlng 
tendency? The production of a speech sound icsuits fiom the excitation 
of a set of neurons If the state of excitation continues autonomously, 
resisting change, the result will he a repetition of the original sound 
produced 

In order to determine the existence of a general perseveiating tendency 
among stutterers, a scries of tests 1 was administered to n group of 30 

stutterers and a control group of 30 non-stutterers The groups were 

matched foi chronological age, mental age, and school envuonment The 
age range was from 10 to 16 Both groups were composed entirely of 
males The test material was constructed along these lines (1) A situa¬ 
tion is presented to which the subject is required to respond for a given 

period of time (2) A vanation of this situation is then piesented to 
winch the subject is required to make a different response for the same 
time period (3) A thud situation, consisting of the combination in landom 
order of both original situations, is then piesented, The subject is here 
required to change his reactions quickly and suddenly, Failure to make 
these changes is a failure in responding to a new situation A failure 
means that the subject continued to react to a situation which was no 
longer present A mental piocess continued in activity after the conditions 
to which it was originally due were no longer present, This is taken 
ns a measure of the persevcrating tendency 

Another factor entering into the measure is the number of items com¬ 
pleted within the allotted tune The fewer the items completed in changing 
from one task to another the gieatei the amount of time needed for the 
adjustment to the new task, oi, aigiung conversely, the greater the amount of 
time spent per item the larger the degree of perseveration 

The complete battery of 15 tests included the following types of mental 
and motor tasks (a) writing letters (£) drawing horizontal and vertical 
lines, and (c) addition and multiplication of one-place numbers 

The results of the test are summarized in Table 1 The stuttcreis com¬ 
pleted more items than the non-stutteieis in those situations which called 


for a continuation of the same reaction to an unchanging stimulus (280 
items for stutterers compaied with 262 7 for the non-stutteiers) The differ¬ 
ence between the means of the groups is 17 9 items This difference ap¬ 


proaches statistical reliability’ 


Diff 


a ifUf 


1 2 


A larger number of cases 


‘These tests were part of a battery included in the Maller-Elkin Attention 
Test for the Measurement of Perseveration, Teachers College, Columbia 
University, 1935 
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TABLE 1 


Comparison or Stuhtrirs and Non -Stutterers in Tears or Fersfveration 





Dili 


Stutteicrs 

Noti-Rtuttercrs 


Mean perscvciation quotient 

63 5 

67 7 

27 

Mean initial score 

280 6 

262 7 

12 

Mean final score 

524 7 

527 3 

1 

Mean ertois 

70 

+ 2 

1 4 


would be needed, howrvci, to establish unquestioned statistical significance 

Despite the advantage in number of items completed in the initial tests, 
the non-stirtteieis completed moie items in the complete test hatter/ than 
the stutterers (527 3 for non-stutteiers, 524 7 for stuttercis) The mean 
number of errors for the stutterers was 7 03 , foi the non-stutterers 4 17 

Dill 

The ratio - is 1 4 

a <utt 

There are two things to be noted Fust, the stuttereis “slowed-down" 
more in their tasks than the non-stutteieis, and, second, the stutterers made 
more errors while woihing The slowing down and the errors we consider 
to arise out of the stutterer’s dilliculty in making ready adjustments to a 
changing situation He failed to respond to new stimuli as acculately and as 
rapidly as the non-stutteier 

A perscrveialion quotient based upon the initial and final scores was com¬ 
puted for each of the groups Accoiding to the method of computation, the 
larger the quotient the smaller the degree of peiseveration The mean P 
Q for the stutterers was 63 5 , for the non-stutteicis, 67 7 The difference 

Diff 

between the two groups (4 2) is statistically significant The ratio -was 

2 72 

Summary and Conclusions 

The results of the tests show a gicatei tendency on the pait of the stut¬ 
terers to icsist change—a greater tendency for their neuions, once excited, 
to persist In the original state of excitation than is the case with nonnal 
speakers 

We propose the theory that stuttering itself is an indication of resistance 
to change, and hence a manifestation of the phenomenon of perseveration 
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INCIDENCE OF ORPHANHOOD AMONG FIFTEEN HUNDRED 
PSYCHOTIC PATIENTS* 1 

H Barry, Jr and W A, Bousfield 

The number of writer? who stress paicntal influence aa a factor in nor¬ 
mal development is impressive Campbell (6), Hartwell (11), Myerson 
(19), Henderson and Gillespie (13), Thom (24), and Wallin (25), to cite 
only a few, attest the value of an adequate child-parent relationship. In 
view of the findings of these authorities, It might be expected that the 
disrupting of the home by the death of parents would be followed by 
some noticeable change in the personality make-up of the child It is also 
obvious that the various ramifications of this problem comprise a subject 
for intensive study and observation, In the field of criminology this is true 
to the extent that broken homes have been reported as a causal factor in 
delinquency by a long senes of investigators including Healy and Brenner 
( 12 ), Glueck and Glueck (9), Breckinridge and Abbott (3), Shideler (21), 
Sullenger (23), and Erickson (8) In contrast to the number of the above 
researches, there is relatively scant information concerning this approach 
to the genesis of emotional disorders, Plant (20) briefly presents dis¬ 
integrated family relationships as a psychiatric problem. Grzywo-Dabrow- 
ska (10) refers to the large peiccntage of orphans among a series of 
juvenile suicides, and Barry (2) reports on the high incidence of orphan¬ 
hood among psychotic rulers 

The present investigation deals with 1500 psychotic cases, all of them 
white, and first admissions to the New Jersey State Hospital, Grcystone 


•Received m the Editorial Office on September 14, 1936 
’The writers wish to acknowledge their indebtedness to Dra Marcus 
Curry, Superintendent, and A. G Lane, Clinical Director, of the New Jer¬ 
sey State Hospital, Grcystone Park, New Jeisey 
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Park, New Jersey Data regarding family background were obtained from 
the anamneses comprising part of the routine clinical case histories In 
this report we have adopted Lotka's (16) definition of an orphan as a 
person who has lost one or both parents by a certain specified age The 
arbitrary age of 12 was selected since it appeared adequate to include 
those cases for whom mfoimnnts reported, "The mother (father) died 
while the patient was a child” Furthermore, this nge serves as a con¬ 
venient approximation of the onset of puberty 

The data indicate that the patients born prior to 1905 include a high 
percentage foi whom adequate infoimation could not be obtained While 
there might be a presumption that these unknown backgrounds would 
include a relatively large proportion of orphans, this is too uncertain to 
serve as a basis for any final conclusion For the cases boin subsequent 
to 1905, however, the records are reasonably complete, as indicated in 
Table 1. 


TABLE 1 

Incidence of Orphans among Fifteen Hundred Psychoiic Patients 


Family situation nt the age of 12 (percentage of total cases) 


Date of 
birth 

Total 

cases 

Orphaned 

Not 

orphaned 

Information 

inadequate 

1916 etseq 

53 

26 4 

717 

1 9 

1911-1915 

186 


66 1 

5,9 

1906-1910 

249 

18 9 

77 1 


1901-1905 

23-1 

20 5 

65.4 

14 1 

1891-1900 

+57 

18 2 

62 8 

.19 0 

1881-1890 

321 

19 6 

59.8 

20 6 


There is a marked increase in the incidence of orphanhood for the patients 
born subsequent to 1910 Combining the data for this group of younger 
inmates, we find that 27,6 per cent lost one or both parents before they 
were 13 years old This is 8 7 per cent higher than the figure obtained 
for the slightly older group born between 1906 and, 1910, in spite of the fact 
thnt mortality rates and consequent expectation of orphanhood have de¬ 
creased steadily since the beginning of the century [cf Lotka (15)] Com¬ 
parison between these subgioups taken from a single hospital population 
strongly suggests that there is a more pronounced relation between orphan¬ 
hood and the subsequent development of a psychosis in the cases of patients 
who are admitted before they are 25 years of age 
Aside from the relative differences between the figures for the younger 
and older patients, the actual magnitude of the incidence of orphans in 
the younger group is impiessive While it would appear improbable that 
even 20 per cent of the general population would lose a parent by the 
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age of 12, control figures are none-the-less needed Published data on this 
subject are relatively meager The icsults compiled in Table 2 arc 
admittedly inadequate as a basis for comparison, but they do furnish an 
indication of the normal expectancy of orphanhood It may be seen that 
the figures presented in Table 2 are consistently below those presented in 


Table 1 


TABLE 2 


iNClDhNCC OF ORPHANS AMONG NORMAL INDIVIDUALS 


Investigator 

Per cent 
oi plians 

Comment 


Burdge (4) 

15 0 

New York state' ages 16-18 


Burt (5) 

17 0 

London, 1921' influenced by war 

casualties 

Lotka (16) 

14 8 

British census, 192T influenced 
casualties 

by war 

Lotkn (16) 

16 7 

Computed for U. S based on 
tables 

mortality 

Slawson (22) 

15 9 

New York City school children' grades 5-10 


It should be nnted that othei investigators have presented statistics on 
broken homes, including in this category divorce, dcsernon, and separation 
Typical of these studies are those of Baker, Decker, and Hill (1), Campbell 
(7), Monroe fJ8), and Mend {17) TIij.ii percentages range from 18 to 23 
While these figures indicate a fair degree of consistency with each other, 
and with the data for orphans previously quoted, it should be evident 
that tluy are not strictly comparable, since they represent varying ages 
at which the broken home factor is considered Moreovei, as Slawson (22) 
has indicated, the percentage of broken homes vanes widely between 
different districts He presents results foi three different schools which 
vary from 12 3 per cent to 241 per cent according to the social status of 
the neighborhood Obviously more research must be undertaken before 
the reliability of these icsults is definitely established 

Conci USIONS 

1 Family backgrounds wete studied for 1500 psychotic patients Of 
those born since 1910, 27 6 per cent had lost one or both parents by 
the age of 12 

2 Comparable figures for normal controls as presented by different 
investigators are definitely below 20 per cent 

3 The evidence suggests that the older patients have a smaller incidence 
of bereavements than those who develop a psychosis before the uge of 25 

4 Results presented here are preliminary until confirmed with a larger 
group. 
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A SAND-TUBE OBSTRUCTION APPARATUS* 

Calvin p Stone 

The accompanying figure lllustiatcs an apparatus unit that wns designed 
by the author to make use of the rat’s digging proclivities in overcoming 
an obstruction placed between himself and a specific desideratum. The 
unit illustrated in tins figure is being used to study maternal drive With 
slight alteiation it can be used for a vanety of other problems in the field 
of motivation. 

Cage A is the incentive chamber In this during the training trials is 
placed an object that is appropnate to a strong internal need in the animal 
being tested, Foi example, one places hete an inverted tube of water for 
the tlurstv, a pan of food foi the hungiy, nesting materials or infant young 
foi the mothei, a receptive female for the adult male, an adult male for 
the sexually receptive female, etc 

Tube B, extending fiom Cage C to A, is the receptacle for the sand 
obstruction This tube consists of a piece of sheet-metal tubing 1 24- m 
long and 3 in in diametci, to which at the lower end a 90-degree elbow 
of the same matenal is attached The free end of the elbow is so trimmed 
that its open mouth fits into the elliptical hole in the floor of Cage C and 
projects above the floor approximately l /^ in A Tin stup of haidwarc 



*Reccived in the Editoual Ofhcc on May 19, 1936 
*A piece of spouting m stone pipe 
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cloih fastened lengthwise in the tube enables the rat to ascend and descend 
the tube with case At the upper end of the tube a trap-dooi is placed 
This may be kept open altogether, or opened by the animal as it ascends 
the tube In the latter case, the dooi closes behind the animal and thus 
prevents lus returning down the tube When another animal is confined 
in the incentive chamber as a lure, the closed trap-door prevents the ani¬ 
mated lure fiom entering the tube Fine sand is ponied into the upper 
end of the tube by means of a long funnel As a rule, the rolling sand 

completely fills the lower portion of the tube, but if this is not the case 

a small amount of sand should he added at the distal end by the experi¬ 
menter One vanes the total amount of sand according to the amount of 
work one wishes to impose upon the animal A volume that stands 8 or 

10 in in the lube can be removed in a minute or less by a strongly moti¬ 

vated rat that has had a few successful experiences in removing this 
obstruction 

Cage C is the digging chamber Its sides and floor are made of hard¬ 
ware cloth This makes the animal visible to the expciimenter and allows 
the snnd to disappear as it is pawed from the tube A metal trough ( T ) 
beneath the door of Cage C collects the sand as it falls through the lloor 
and assembles it in a receptacle { R ) In most experimental settings the 
animal is started m Cage C, but in studies of maternal behavioi the home 
cage of the mother (Cage D) is jutted against the end of Cage C and an 
opening between these cages is made to allow the mother freedom of 
movement to and from the home cage Cage D is a permanent part of 
the present unit In it the mother and her young arc placed a day or two 
before ciitical trials on maternal drive aic made. When scveinl animals 
nre to be tested, portable maternity cages that can be set upon a small 
stand, of the nppiopriate height are substituted for Cage D This pro¬ 
cedure reduces the time required for prcliminaiy adaptation of the mothei 
rat to the test situation. 

SuGCFSTivE Uses or hie Sand-Tubl Odshujction Apparatus 

This appaiatns has been used at Stanford Univeisity in undergraduate 
courses for the following purposes 

1 Co relation of Deprivation Inteival vjiih /In mini Drive By way 
of preliminary training, a rat is allowed to explore all parts of the unit 
thoi(Highly, with no sand whatevei in the tube Then food, for example, 
is placed in the incentive chambci and the animal is allowed to make a 
few trips to the food and to eat a few pellets at the end of each trip 
Next, about half of the lumen of the tube is filled with sand Under this 
condition no digging is required, but the rat will have to crawl through 
a smaller opening Following this, a trial is given with the lumen approxi- 
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mately three-fourths closed Then comes a trial with the lumen completely 
filled Finally, a few more trials are given with the lumen completely 
filled in ordei to stabilize the animal’s icactions to the obstruction This 
completes the preparatory training for the experiment proper in which 
the deprivation interval is vaned aftei the mannci of Warner (1) who 
used the Columbia Obstiuction Apparatus Rats are tested for the number 
of instances they will remove the obstruction dunng a standard test period 
of 20 min These data which may be obtained in a shoit tune by a gioup 
of students working cooperatively make possible a rough, but satisfactory, 
co relation of the efforts of the animal with the interval of food depriva¬ 
tion In a similar manner, tests of thusty animals can be made 

2 Insight Rcaitions A hungry rat that has been allowed to txploic 
all parts of the appaiatus is permitted to obtain food in the incentive 
chamber From time to time he is relumed by the experimenter to Cage C 
in order to force him to ascend the tube to reach food. So fai the tube is 
entirely empty When the hungry animal has acqmicd the habit of ascend¬ 
ing the tube immediately upon being dropped into the digging chamber, 
the lumen of the tube is filled with sand, and the behavior of the animal as 
he encounters and finally removes the obstruction is observed By the use 
of a code and a mimeographed sheet, with which the student has famil¬ 
iarized himself in advance, a comprehensive record of the animal's 
activities in the digging chambci is charted on a time line If the animal 
fails in 20 min , he is removed and given other trials on the same or the 
following day until he solves the problem Of special interest Is the con¬ 
trast between the rat's activities when he first encounters the obstruction 
and his bchavioi in trials after he has masteicd the obstiuction This is 
a very satisfactoiy expei iment fot beginning students because the animal 
almost always solves the problem in the fust or second critical trial, 

3 Studies m Peiscvci ance Taking animals that have had experience 
in removing the sand obstruction and are consistent fiotn trial to tnnl, 
one may perform studies on the perseverance by suddenly increasing the 
nmount of work to be done The latter is accomplished by inseiting a 
1-in, rub be i tube into the upper end of the sand-tube and pouring sand 
through a funnel into the tube as the sand is removed by the i at Pro¬ 
longed periods of work in which the animal’s behavior differs markedly 
from the accustomed behavior of one that has been successful in overcom¬ 
ing the obstruction within a minute or two are thus evoked Repeated 
experiments of this kind affoid a point of departure for discussions of the 
literature on animal frustration 

4 Individual Differences By using n number of animals in each of the 
foregoing experiments, data are assembled for the study of individual 
differences In this connection, differences that can be ascribed to varia- 
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tions in techniques arc readily differentiated from those arising when 
techniques of the experiment arc held constant 

Up to the present time no Attempt has been made to lay down standard 
methods for the use of the sand-tube obstruction apparatus in icsearch 
It is assumed that each experimenter will wish to develop his methods 
in accordance with the nature of his problems 
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A PAPER-WINDOW OBSTRUCTION APPARATUS* 

Calvin P Stone 

r«| 

Haggerty used a paper window in studies of imitation in monkeys (1) 
This usage suggested to the author the possibility of employing the basic 
idea of the paper window in obstruction tests with rats Some of the 
ways it has been employed by the author in studies of motivation and 
learning will be described 

In Figure 1 arc given three views of a typical window fiame constructed 
to hold a piece of papei toweling in place This frame consists of two 
pieces of three-ply wood, 6 in, wide and 12 in, long, hinged together at 
the top so that the two pieces may be separated and brought together in 
sandwich fashion At the ends of these boards opposite the hinge, 4-in 
holes have been cut Near the edge of the hole in one of the two boards 
short nails were driven from the outer to the inner face so that their 
free ends project into holes in the inner face of the opposite board These 
nails, four or five in number, hold a piece of paper lying between the 
sandwich boards firmly in place when the bonrds are piessed togethei as 
illustrated in Figure IB Figure 1U illustrates a fiame with paper that 
has been torn by n rat prepaiatoiy to going through the opening 

Frames of different dimensions have been used by the author and also 
openings of different shapes and areas have been tried Apparently a con¬ 
siderable latitude of vauation in these details is permissible without materi¬ 
ally altering the usefulness of the paper as an obstruction The ciiculai 
openings shown in Figure 1 were cut by means of a fly-cuttei which oper- 
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FIGURE 1 

Three Views or the Window Frame Used in tht Pipfr Obstruction Test 
They are 6 in wide and 12 in long, Element A shows the frames ready for 
the insertion of a piece of paper toweling (the obstruction) which is held in 
place by small nails (?/) when the inner faces of the two boaids arc pressed 
together, as in B, Element C illustrates the type of hole made by a i at, 
preparatory to going through to reach the food, 

ates in an ordinary machinist’s lathe By this means a perfect cucular 
opening of any desiied diameter may be cut in approximately one minute 
Figuie 2/7 illustrates a dcmonsti atlon apparatus consisting of three 
complete units for obstmction tests The top and outei walls are made 
of hardware cloth, The window frames stand vertically and are held in 
place by means of wooden guides nailed on the outer walls ind the pai- 
titions of the box. The frames may be lifted out for the inseition of new 
paper but cannot be displaced by the animal 
To use this apparatus a i at is put into one of the front compartments 
( S ) and is required to pass the papci barnei by teanng a hole in it to 
reach the goal compaitment ( G) Oidinanly at the outset some prelim¬ 
inary training is given in order that the animal will be well oriented 
toward the task of overcoming the barnei This consists of giving tluee 
or four opportunities to pass through the unobstiucted opening to reach food 
in the real compartment and then two oi three additional trials with a 
piece of torn pnpei in place such as that in Figure XC On the last of 
these trials the anumJ is required to enlaige the hole in the paper by- 
tearing it with his mouth oi by foicing lus body thiough the opening 
A good class demonstration is afforded by confronting three animals with 
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FIGURE 2 

Element A Illustrates a Tiiref Unit Demonstration Box Designed Pri¬ 
marily tor Classroom Usi 

It ib 30 in, wide, 2+ in long and 12 in high Element D is a sti night run¬ 
way accommodating three obstruction flames It is 4 ft long, 12 in. high, 
and 6 in wide. Element C is a quadi angle 6 ft. long, 6 ft wide and 12 m, 
high. The width of runway is 6 in It accommodates 20 paper obstiuction 
frames 


different degrees of training with the paper obstruction test simultaneously 
In the first compartment is placed a hungry rat that has been allowed to 
complete the first step of preliminary training in winch it merely goes 
through the unobstructed hole to the food, in the second compaitment is 
placed a hungry lat that has completed the second step in preliminary 
training, namely, that of going through a large hole in the paper made by 
the experimenter, and in the third will be put a hungry rat that has com¬ 
pleted both steps of the preliminary training and, in addition, on one previ¬ 
ous occasion has torn a hole in an intact piece of paper Under these con¬ 
ditions the most experienced animal will immediately rend the paper 
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window as shown in Figure 1C and dash through to obtain the reward, 
the next most expenenced animal will center its activities upon the window, 
but ordinarily will leave it frequently before sinking its teeth into the 
mtact paper, an act that is the fiist indication of a solution of the problem, 
the least expenenced animal will display a gloat deni of desultory behavior 
and seldom make an opening in the paper window during one observation 
period of IS mm , unless given aid, such as a small perforation in the paper 
made by running a lead pencil through it 

Figure 21! illustrates an apparatus that was designed to accommodate 
three windows in a stinight runway With this the animal may be re¬ 
quired to bieak thiongh three bairiers in succession in oicler to pass from 
the stait {S) to the goal (G) The object of this niiangement of bnrne.s 
1B to provide way stations foi studying the behavior of animals tow aid 
ultimate and subsidiaiy goals in motivational studies involving incentives 
that have different preferential values 

Figure 2 C illustrates a still moie extended series of windows, 20 in num¬ 
ber, so arranged that the animal comes back to the starting-place, oi to an 
incentive chamber that is neai it (but not shown in the drawing). If one 
has need of only one straight runway, he uses only one side of the quad¬ 
rangle and shuts it off from the rest by means of a solid board that replaces 
one of the window fiames Also, if fewer than the maximal number of 
frames is desired on either side of the quadrangle in any experiment, those 
in excess of the present need are removed fiom the appaiatus This par¬ 
ticular adaptation of the basic idea of the paper obstruction was devised 
to piovide a suitable work-load to differentiate between stiongly and weakly 
motivated rats, and also between those that were appiopuately rewarded 
and those that were inappropriately rewarded The differentiation rests on 
qualitative differences in behavior and on quantitative differences in the 
number of burners overcome in a time-limited obscuration peiiotl 

No doubt other experimentalists will find many diverse ways in which to 
employ the basic idea of the paper obstruction The author has illustrate 
only a few of these possibilities The paper obstmct.on is recommended 
chiefly because it has the chaiactenstics of a genuine barrier and at tie 
same time is one that may be overcome again and again by rats of any 
age beyond weaning without setting up undesirable fear or avoidance re¬ 
actions toward it 
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Harvey A Carr An Introduction to Space Perception New York Long¬ 
mans, Green & Co, 1935. Pp xi+413 

More than seventy-five years have passed since Lotze, Helmholtz, and 
Wundt undertook to formulate the problem of apace perception. This 
problem has since become one of the most fruitful and perhaps the most 
important of all the problems in experimental psychology Nevertheless, 
the problem of space perception is so intertwined with othm aspects o 
senso.y function that it has hardly achieved the degree o: autonomy tha 
is fully warranted in view of a voluminous expci imcntal literature. Time y, 
indeed, is this authoritative English text devoted exclusively to these 

m The^work evinces a distinctly modern cast One finds here a treatment 
that >s not weighed down by extended historical or encyclopedic documen¬ 
tation The functional approach is consistently maintained, and the 

problem of efficiency is kept in the focus 

The general problem is oriented pr.manly m respect of remote objects 
(p vi). The author’s objectives are to indicate the various modes of appre¬ 
hending spatial relations, to spec.fy the factors upon which such function 
essentially depend, and to set forth the conditions under which they 
optimally determined. Representative studies which bear upon the vino 
phases of the problem are summarized and critically evaluate 

The book comprises a short introduction (pp 1-6), ten longer chapt 
{mde mfra), and subject and author indices (PP 407-+13) In two cases, 
a heading is allocated two chapters, otherwise, the subject-matter of d 
ent chapters is essentially distinctive Nevertheless, the successive chapte 
are bound into a unity by a thread of continuity, to w.t, a motor (pro¬ 
prioceptive) theory of space perception, which usually is explicated afte 
a presentation of experimental data This theory specifies that, spatial 
relation, are apprehended in terms of motor adjustments (™-* ni Pu ations) ,n 
respect of objects Adjustment for each point m the d “ 

tinctive and is the basis of a specific locality .eference ( ‘local sign )• 
i 9 m terms of the cfhcicncy with which these adjustments are made that 
,hc capacity of the organism for apprehending spntial relations may be 

d< ThTt Tfpace is a geometrical abstrachon-a “conceptual” rather than a 

«*■ r'77", nc, H c :™ 

tively ill apprehend,ng spatial relations (Chapter 2, PP 7-58) H°we™ - 
visum ,s said to be primary it is the single receptor-system in terms 
which these relations usually are most accu.ately determined and i 
dominant over hearing in locahzmg with the aid of pseudophenes The 


211 



212 


JOURNAL OF GENETIC PSYCHOLOGY 


cooperative action of the senses in this context is acquired; a new func¬ 
tional relation is readily established between vision and sornesthesis (pro 
prioception) after the customary one has been disrupted by means of a 
lens that shifts visual relations in a definite way 
Chapter 3 (pp 59-91) is devoted to the inverted retinal image, or 
optical inversion, mystery It is indicated that the correlative fact of 
horizontal Inversion has been generally ignoied The enigma in this much- 
discussed pioblem lias its basis in a diialtstic distinction between a physical 
and a visual or psychological object, the latter of which has no existence 
independent of and apart from the peicetving subject 
The treatment in Chapters 4 and 5 (pp 92-158) concerns the auditory 
perception of space, The author here attempts to distinguish between 
visual and auditory pciccption of space, i e,, in terms of vision spatial rela¬ 
tions are sensed but in terms of audition they denote meanings The 
latter is said to signify a relationship between an auditoiy object Rnd a 
visual and smncsihctic object However, the distinction is one of degiee 
riither than one of kind, since visual relations of space denote meanings 
between a visual object and a visual and somesthctic object 

Chapter 6 (pp 159-194) is primarily concerned with the fact that excita¬ 
tions in the two corresponding areas in the binocular relation entail like 
localizing responses and signify n common locality reference, while exci¬ 
tations in iion-corresponding areas refer to objects at different spatial 
positions. Chapters 7 and 8 (pp 195-288) are devoted to visual per¬ 
ception of distance, and Chapter 9 {pp 289-335) contains the treatment of 
visual perception of direction. Knowledge regarding the latter problem 
is less definite and precise because it is more complex and has not been 
investigated so thoroughly. In Chapter 10 (pp 336-358) the topics of 
continuous find discontinuous movement are summarized within the bounds 
of a short paragraph apiece, and the topics of relativity' in the perception 
of motion, objective and organic criteria, and aftereffects are discussed 
at some length. The last chnpter (pp. 359-405) is concerned with linear and 
areal aspects of visual perception 

A treatment which makes efficiency the central problem has a very definite 
bearing upon the pioblem of learning The latter dovetails with the 
problems of space perception in two distinctive ways (1) the rivaling 
claims of nativists and empiricists need to be evaluated in order that the 
scope and the bearing of the problem of learning in the present context may 
be specified, and (2) the course (character, rate, etc ) of improvement in 
efficiency needs to be traced in connection with such aspects of the prob¬ 
lem as manifest the property of acquisition 
The first of these phases of the learning pioblem, that concerning the 
distinction between native and acquired aspects of space perception, is one 
of the salient considerations in the present work It receives attention in 
a number of connections The reader may be a bit surprised to discover 
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that the author leans so strongly towatds nati\ism at several points This 
is illustrated in the specification that the common locality reference of 
corresponding areas in the binocular relation i9 "innately conditioned" 
Although the comment is added that the strength of the connection may be 
materially influenced by experience (p ISO), this commitment has the 
effect of shifting learning to a role of secondary importance. 

The second, the developmental phase of the learning problem receives 
treatment by implication at least in such a context as that regarding the 
establishment of a new functional relation between vision and somesthesis 
(proprioception) when devices are used to alter the normal spatial rela¬ 
tionships This aspect of the learning problem does not receive the careful 
attention that it deserves, and possibilities are not seized upon to indicate 
Instances in which developmental features may be levealed presently. Thus, 
in the last chapter, pronouncement is made that size and shape must be taken 
for granted as a given datum of experience (p 361) A different treat¬ 
ment could have indicated that the manner in which these characteristics 
emerge from nan-spatial components has not yet been revealed clearly, but 
it is quite conceivable that in due time it, too, will be shown to be a 
function of learning. 

The authot’s decision to restrict references laigely to English sources is 
well justified Specific reference to the significant contributions of Lotze 
and Wundt in such a work 19 a matter of choice and not of requirement, 
Besides, statement was made in the Pteface that little use was to be made 
of the wealth of German literature However, the neglect of such other 
German sources as are now readily accessible in English is not so easily 
comprehended. Too, it cannot merely be taken for granted that the 
(American) functional ancf lihe (German) configurational approaches 
which conveige upon tins problem are mutually exclusive The laws af 
spatial grouping and other factual data are not specifically considered in 
the very contexts in which they have a natural setting A more definite 
comment in the Preface could have dispelled much wondei as regards this 
indifference 

These critical comments are here set forth for the purpose of indicating 
points at which the reviewer believes the treatment might have been 
made more representative They are not to lie construed as seriously 
militating against the end for which the book was intended The work is, 
indeed, what it purports to be—an introduction to space perception For 
this purpose, it is very suitably adapted. As the only authoritative (mod¬ 
ern) text upon the topic of space perception, it embodies points of high 
merit Chief among these are the functional approach and the designation 
of efficiency (the adequacy of the organism in responding to the environ¬ 
ment) as the central problem in perception 

Wellesley College Michael J Ziclfr 

Wellesley, Massachusetts 
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THE DEVELOPMENT OF TEMPERATURE SENSITIV¬ 
ITY DURING THE FETAL PERIOD* 

University of Rochester and Biown Umvcisity 


Leonard Carmichael and G F J. Lehnfr 


I. Introduction 

In 1885 William Pieyci wiotc in his significant book on the 
special physiology of the embiyo 

It ia of physiological and especially of psytliogenctic im¬ 
portance to determine cxpei orientally when in man and ani¬ 
mals the individual sensoiy nerves become excitable, how the 
neonate and the fetus in particular react to tactual, thermal, 
electrical, and chemical skin stimuli, to gustatory and olfactory 
stimuli and to auditoiy and visual stimuli (15) 

After mote than half a century, this piogram, the significance of 
which is even more obvious than it was in Prcycr’s time, has still 
not advanced fai 

At the present tune, the only sense which has been at all thoi- 
ouglily studied in its full development in fetal life in typical mam¬ 
mals lias been that of cutaneous piessuxe, although, of couise, inci¬ 
dental obseivations on the development of a number of other le- 
ceptor fields, especially including cutaneous pain, have been made 
on human and mammalian fetal material during this period 

Tlic cxpenments leported in this papei deal with the development 
of the temperature senses dining the behavioially active period of 
a typical mammalian fetus The philosopher, John Locke (11), m 
the seventeenth century attributed temperature sensitivity to the 
fetus Picyer (15), Kroner (9), Kussmaul (10), Gcnzmcr (7), 
Blanton (2), Peiper (12), Cancstiini (4), Aveiy (1); Pratt 
(13); Piatt, Nelson, and Sun ( 14 ), Jensen (8); Carmichael (5, 
6), and otheis, have all refcned to tempciatuie sensitivity in the 
fetal or newborn human or mammalian organism So far as the 
witters <ue aware, howevei, the study repoited here is the fiist 
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systematic investigation of the eftect of tcmpcratuie stimulation 
duung tlie whole fetal period in a typical mammal It is also possi¬ 
bly the first study of any leceptor field beside that of cutaneous 
picssme to be studied during this complete period 

II, Experimental Procedures 

Guinea-pig fetuses of known insemination age weie prepared for 
study, using piocecluics pieviously described bv one of the writeis (6) 
By the use of these techniques, fetuses of any desued insemination age 
can be exposed in a thermostatically conti oiled bath of body-waim 
physiological salt solution, with placental cneolation maintained, 
Appropriate lights and a motion-picture camera, with special lens 
equipment, make recording of the fetal behavior possible 

Six stimulus tcmperatuies were used in this study Thiee, namely, 
47° C, 67° C j and 85° C, were above the physiological zero of 
the organism, taken to be 37 5° C.j and three 27° C, 17° C , and 
5° G, were below A supply of physiological salt solution at eacli 
of the temperatures noted above was maintained in separate va¬ 
cuum flasks, each of which was fitted with an individual pipette 
and an individual thermometer 

Aftet the fetus had been exposed and obseivcd in a preliminary 
wav, it was gently lifted just above the surface of the bath, and 
three, or in certain instances five, diops of liquid taken from the 
bath and hence of a tcmpcratuie closely approximating the physio 
logical zero, weie dropped from a pipette held just above the sui- 
face of the skin on to ceitain definite cutaneous areas On each fetus 
the six spots studied were («) vibnssac-aiea, (b) ear, (c) shoulder, 
( d ) lump, (f) foic-paw, ( f ) hind-paw Following this in various 
orders, but ouhnanly with the extreme temperatures at the end, a 
similai procedure was employed for each of the six temperatures 
listed above. After each stimulation, time foi recovery was provided 
while the fetus was again immeised in the bath At the conclusion 
of this scries, the fetus was oidinarily again tested with drops of 
liquid at the physiological zeio temperature This pioccdiue was 
adopted to determine what lesponses weie leleased by the tactual 
component, as contiasted to the behavior elicited by the temperature 
component of the diops of liquid used as stimuli In using this 
technique, the assumption is made that responses elicited by drops 
of liquid of tempeiaturcs othei than that of the bath and which 
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wctc not elicited by stimulation of similar chops of liquid at the 
physiological zero of the oig.imsm may be consideieil .is being ic- 
1 eased bv thermal stimuli The possibility must be lcmcmbcred 
that at certain temperatuies and at ceitain ages, p.un reccptois, 
not tempeiatuie reccptois piopei, were stimulated by the liquid 
stimuli of the temperatures used Stuctly speaking, this paper there¬ 
fore lepoits a study of 1 espouses to thcimal stimuli and not directly 
a study of the so-called tempeiatuie end-oigans. 

In all, 58 fetuses were used in this study Of these, 18 were elim¬ 
inated from consideiation in the lesults piesented, because they 
were not in noimal condition or because complete obseiv.itions weic 
not made upon them The 40 fetuses actually studied came from 
21 litters of gestation ages varying fiom 28 days and 10 hours to 
62 days and 2 houis The fiist motility of the guinea-pig has been 
obseived by Bndgman and Carmichael (3) at approximately 25 
clays. The normal gestation period for the guinea-pig is oidmanly 
set at 68 days 


III. Experimental Findings 

One lesponse, a combined shoulder and limb reaction, was ob¬ 
served in one of three fetuses of a litter 28 clays and 20 hours old 
This lesponse was released by drops of the coldest stimulus, 5° C, 
applied to the shoulder. No othei tcmpciaturc-released responses 
weie obseived in this littei, although tactual stimulation with a hair 
did i el ease behavior in each case Temperatme stimulation may 
leleasc behavior in fetuses younger than the one icportcd above, but 
it did not do so in this study. 

The general results of the cxpenment arc presented in five tables 
and in the discussion of these tables It should be remembered that 
the units counted in making up these tables have in many cases re¬ 
quired judgments on the part of the expcrimenteis concerning the 
natuie of the response in question, which could readily have been 
challenged at the time Howevei, othei qualitative (ic, the as 
yet unquantified) aspects of behavior, as obseived by the expeu- 
menters but not recorded, seemed to confiim the quantitative general¬ 
izations given below in a most decided way Both of the writers 
were present at eveiv experiment and agiced on the protocols as 
lecorded at the time 

Table 1 gives the number of maternal animals and the age and 
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measuj cmeiits of the fetuses actually used in this study The adult 
maternal animals aie indicated by letteis The age in days and 
liouis since insemination is given next Following this is the ciown- 
iump length and next the weight in giams Inactive fetuses of 
otherwise active litters arc not shown in the table, although they 
were in each case measured. These measurements were made bv 
G F J. Lehner using a technique previously described by Bridg¬ 
man and Carmichael (3). 

As noted in the table, fetuses from maternal animals A to H in¬ 
clusive are here aibitrarily taken to constitute what is called a 
"young” group, fetuses I to 0 inclusive a "nud” group, and P to T 
inclusive an "old” group 

Table 2 piesents the absolute number of lespouses in each of the 
thiee age groups defined in Table 1 foi each temperature used. 
In this table the total of the xesponses released by stimulating any 
of the six spots on the body is given Thus, if a stimulus to the ear 
releases a twitch of the pinna arid also leads to palpebral closing, 



FIGURE 1 
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two responses are lecordcd This table further presents the percent¬ 
age of the total number of 1 espouses actually released at each of 
the three age groups bv each of the temperatures used A bar graph 
showing these percentages is presented as Figure 1 This table and 
graph thus show the relative effectiveness of the specific temperatuics 
used as stimuli at each of the thee peuods studied It does not 
directly show the different sensitivities of the receptors at the levels 
of the three age groups 

Table 3 shows a summaiy of the total number of responses possible 
as released by once stimulating each receptor aiea studied at each 
temperature used Tins tabic also gives the responses actually 
elicited bv stimulating these areas with the special stimuli as noted 
In this table, no matter how complex a response might be, it is 
merely recorded as one T,hus, to use the same illustration given 
above, and to illustrate the diffeience in recording for Tables 1 
and 2, if stimulation of the ear releases a twitch of the pinna and 
palpebral closing, one response only is recorded, that is, the cutane¬ 
ous aiea of the ear is here capable of eliciting some response or 
no response, and only that fact is recorded in Table 3 The total 
number of possible responses can be determined using this method 
of counting at each of the three periods and at each temperature. 
This figure is given in the table as is also the percentage of such 
responses actually elicited at each of the age groups In general, 
this table may he taken to show one index of the change in tcmpcia- 
ture sensitivity which occurs with increasing gestation age 

Table 4 gives one aspect of the character of the responses elicited 

TABLE 4 

Specific Responses General Responses 


Gioup 

No 

% of Total 

No 

% of Total Total Responses 

Young 

153 

54.64 

J27 

45 36 

280 

Mid 

345 

62 96 

203 

37 04 

548 

Old 

209 

58 22 

150 

41 78 

359 

by all temperatures 

at each of the 

age 

groups From 

the protocols 

the authois 

decided 

whether, in 

their 

opinion, each 

recorded re- 


sponse was to be classified as specific or general For this purpose, 
the term “specific’' was used to characterize a reflex-like response 
which is limited in area to what may be roughly called a single 
response system and oidinarilv involving the structure stimulated 
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or some neai-by structure The term “geneial,” on t,he other hancl, 
is used to characterize a lcsponse which involves moie than a single 
response system, as defined above. Thus, drops of liquid on the 
vibnssac which aic followed by a twitch of the muscles of the 
vibiissac only is called specific, but similar stimulation followed not 
only by a twitch of the vibiissae but also by a twitch of the ear 
musculatuie would be defined as general The total number of 
geneial and specific lesponses lecoided at each age group and the 
peiccntagc at each age gioup aie given m this table 
Table 5 shows the lelativc sensitivity of the vibrissae area, the 
ear, the shoulder, the rump, the fore-paw, and the hind-paw through¬ 
out the total fetal period studied as demonstrated by all temperature- 
released stimuli This table was made by considering lesponses in 
the same way in which they wexe defined in constructing Table 3, 
It will be noted that the data of this table do not refute the so- 
called law of cephalo-caudal development oi that of proximal-distal 
development, but, on the other hand, tjhc icsults do not give any 
sti iking confii mation of these generalizations 

IV. Conclusions 

The facts picsented in the tables and discussion just given, as well 
as other facts not so fully piesented, but available in the written 
protocols of the experiment which cannot be given here, make possi¬ 
ble the following tentative statements concerning the development 
of temperature sensitivity in the fetal guinea-pig. These statements 
must be taken as tentative because the series of fetuses used, al¬ 
though representative, was not large enough to justify complete as¬ 
surance in legard to tjhe generality of the phenomena described. 

(1) Temperature stimuli, as defined in this paper, are effec¬ 
tive in releasing responses during most of the motile fetal penod 
of the guinea-pig, 

(2) At each of three fetal development periods, as these penods 
were established for the purposes of this study—young, mid, and old 
—the greater the difference between tjhe tempeiatuie of the stimulus 
and the physiological zero of the organism, the greater the relative 
numbci of responses released by that stimulus. 

(3) . At the youngest ages studied, there appears to be a slight 
tendency for cold stimuli to be relatively more effective than warm 
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stimuli if certain assumptions of equality are made concerning units 
of measuicmcnt. 

(4) . During the “young” peiiod of fetal life, as defined above, 
there appeals to be development of tempciatuie sensitivity Sensi¬ 
tivity is greater, that is, in the mid period studied than in the initial 
peiiod There is no corresponding increase during the other periods 
studied. In the last period, the growth of tile insulating hair coat 
unquestionably modifies the effectiveness of the stimuli as applied m 
this investigation 

(5) . There is no gieat change in the peicentage of specific and 
general responses released by the stimuli used at any of the three 
periods studied, nor does the effective intensity of stimulation (as 
measured by the greater degree of difference fiom physiological zero) 
change in a definite manner as development progresses in its efficacy 
in releasing either general or specific mponses There is a slight 
preponderance of specific over general lesponses, as these two words 
are defined in this paper in each period, but tins finding can hardly 
be considered as statistically significant. 

(6) There is some shift in the relative sensitivity of the six 
areas stimulated during fetal development These data maV he 
considered as supposing the generalization made by previous in¬ 
vestigate is that the development of sensitivity spreads from the 
cephalic to the caudal legions of the body and from the proximal to 
the distal regions of limbs 
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SERIAL LEARNING II 

gradient in 


the bi-directional goal 

THE ENDLESS MAZE* 


Uinveiu/y 0 j Coloiado 


Karl F Muenzwgfr, Claude C Dove, and 
Arthur H Bern-stone 


Employing ,i new type of maze, the expci imene hcie reported 
piescnts evidence to show that the goal gradient n bi-duertion.il 
1 he study was suggested by Thorndike’s fundamental discovery 
that the strengthening influence of a lewaid spieads to influence 
positively not only the connection which it directly follows and to 
which it may he said to belong, but also any connections which 
aie nca. enough to it” (14, p. 3) It occuned to us that the goal 
giadient might be a special case of the “Thorndike effect” as we 
have called this phenomenon (10), that the form in which it is 
usually obseived, namely as a giadicnt of cnois increasing from 
the goal backwards, might be only one-lialf of the influence of the 
goal, and tjlial if only a suitable method were used an additional 
forward eftect might be dcmonstiated 
We therefore devised an “endless maze” which peimits the ani¬ 
mal to go from goal to goal without interruption, thus making it 
possible foi the goal lespouse to "spicad its effect,” to use the 
riioindikian terminology, both forwards and backwards 
In (,hc orthodox maze an animal is placed in the slatting com- 
paitment and then pci nutted to find tile goal. Aftei having icachcd 
the goal it is moved back to the staitmg point by the experimenter 
oi some mechanical device Tins method inter poses a spatial as well 
as a temporal bieak between the achievement of the goal and the 
resumption of the maze learning activity, here the animal runs 
from stmt to goal, where “start” means a radical change in activity 
In the situation to be piesentcd the animal runs through the maze 
as usual But aftei the goal has been leached and the food eaten, 
the running thiough the maze is resumed without interruption, 
hcie the animal may be said to lun fiom goal to goal 
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there had never been anv food This constituted the starting com- 
paitincnt The door leading out fiom the next food box was 
blacked A rat, aftei having been placed into the starting box, ran 
through the maz.e and had to be lifted out of the goal box He was 
then icturned to the home cage and given anothci tiial the next 
day. Thus a lat in this gioup was given one trial per day foi 24 
davs 

In ordei to eliminate anv possible effect of the paiticulai pattern 
of concct or unlocked doois used in a maze, six difteient patterns 
were employed as follows 

1 — 3 — l — 4 — 2 

2 — 1 — 3 — 2 — 4 

3 — 4 — 2 — 3 — 1 

4 — 2 — 4 — 1 — 3 

4 — 2 — 3 — 1 — 2 

2 — 4 — 1 — 3 — 1 

By a pattern designated like the fust one we mean that the coirect 
dooi in the first choice compaitment was the fust from the left in 
the direction of tiavel, and in the following compaitments the 
third, the first, the fouith and the second respectively The same 
nmnbci of animals in each gioup learned a paiticulai pattern 
Each of the first five patterns was learned by five animals, and the 
last pattern by two animals in each gioup 
The 54 rats, of Wistai stiain, were about 90 days old at the 
beginning of the experiment They were fed for one half hour on 
a balanced diet aftei the completion of the day's task 


Results 


A. Gioup Tendencies The 

eriois made at 

each 

one of 

five choice points are as 

follows ‘ 

Foi 

the goal-to-goal 

gioup* 

on choice points 

I 

II 

III 

IV 

V 

total errors 

543 

668 

790 

773 

534 

average per lat, 

20 1 

24 7 

29 3 

28 6 

19 S 

For the start-to-goal 

gi oup 





total errors 

759 

716 

690 

701 

466 

average per rat- 

28 1 

26 5 

25 5 

26 0 

17 3 
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In this compilation scvcial crioxs at one dooi in any one trial arc 
counted as one eriot In the leeoul of the goal-to-goal gioup the 
cirots made in the four identical mazes of the apparatus arc added 
together, that is, they are treated as if they had all been made m 
one maze. The lcsults arc also presented giaplncally m Figure 2 

Errore 



1 II III IV V 

Polnto of Choice 

FIGURE 2 
Error Gradients 

The solid dots repiesent the rccoid made by the goal-to-goal group, the 
open cucles that of the start-to-gonl group 

The difference between the two gioups is stiiking The con¬ 
trol, or stait-to-goal, group piesents the usual picture in maze 
learning by animals The gicatest number of errors is made near 
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the starting point and the smallest near the goal. This is the oitho- 
dox backward elimination of errors The bieak in the giadient be¬ 
tween points III and IV mav be due to the patterns used 01 to 
other factors; in any case it does not altci the general gradient. 
(Note also the high numbei of errors on point IV in the other 
group One is reminded here of the foiwaid displacement of the 
point of maximum repetitions in the learning of rote senes by hu¬ 
man subjects ) 

On the other hand, the goal-to-goal group shows a foiward-back¬ 
ward elimination of errors It has a low number of cnors not only 
at point V just preceding the goal, as one would expect, but also 
on point I, the point tin mediately following the goal One might speak 
here of two gradients, one pieceding and one following the goal 
We piefei to consider these two error gradients as belonging to 
gether as the manifestation of a single “hi-diiectional” goal gradient 
In this phrase the term "bi-diiectional” is to indicate that the slopes 
of the gradient before and after the point of reference have opposite 
signs. 1 

In comparing the two gioups one should also note that their 
records in the last pait of the maze run parallel, and that the record 
of the start-to-goal group is lower than that of the other gioup as 
one would expect in the case of distributed as compai ed with massed 
practice Howevei, m the hist part of the maze the start-to-goal 
group, despite its distributed practice, starts with a much higher 
number of errors than the goal-to-goal group The respective avei- 
ages aie 28 1 and 20 1 eirors per rat, the difference between these 
averages is 4 1 times its standaid deviation 

11 Consistency zuithin the gioups The individual differences 
between the rats in each gioup may be cxpicssed in teims of the 
percentages of the individuals that conform to the general tendencies 
levcaled by the total enors or averages. The average deviations of 
the averages foi each choice point would not be significant in re¬ 
vealing the consistency we desire to know because they would not 
indicate the error gradients of the individual rats The following 
summary contains the percentages of lats that show an mciease or 

’"Note that the curve in Figure 2, representing the goal-to-goal group, is in 
striking agreement with a cuive of error gradients which Hunter suggested 
on the basis of the phenomena of backward and forward conditioning (6, 
p 306, Figure 3) It may be said that Hunter’s theoretical analysis pre¬ 
dicted our experimental results 
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decrease of errois from point I to the average of points II and III, 
and fiom the average of points III and IV to point V. That is, a 
lats eirors on point I was compared with the average of its cirors 
on the next two points, and its average of points III and IV with its 
errors on point V 


From point I to 



goal-to-goa! 

group 


mciease 

decrease 

same 


815 % (22) 
18 5% (S) 
0 


stnrt-to-gonl 

gioup 


mciease 

decrease 

same 


33 3% (9) 
591 % (1<J) 
7 1-% (2) 


and from 1V 

2 

11/1% (3) 
815 % (22) 
7.4% (2) 

14.8% (+) 

852 % (23) 
0 


to V. 


The numbeis of animals are given m parentheses The per¬ 
centages in accoid with the group tendencies aic in italics, In the 
goal-to-goal group there is a high consistency as between individuals 
In 81 5 per cent of the rats theie is an increase of eirors at the 
beginning of the maze, and in a similar percentage there is a de¬ 
crease towards the end of the maze The animals of the stait-to- 
goal group are just as consistent towards the end of the maze, but 
at the beginning thev are less so; 85.2 per cent of this group have 
a decrease of errors at the end, and only 59 3 per cent at the be¬ 
ginning This i eduction in consistency might perhaps he expected 
with an increased distance from the goal 

To summarize the results* The erroi curve of the goal-to-goal 
group shows a forwaul-backwaid elimination of criors, while that 
of the start-to-goal group shows a backward elimination only In¬ 
dividual differences were small with one exception, immediately 
after the stait in the latter group 


Discussion 

It is not oui intention to leview heic the liteiatmc on the goal 
gradient We shall meiely discuss a possible explanation of the 
fonvaid-backwaid elimination of eitors in the goal-to-go.tl situ¬ 
ation 

Before doing so we should like to point out that om results sup- 
poit the claim of many writers that in the orthodox method of 
maze learning by animals there is a tendency to eliminate errors in 
a backward ordei fiom the goal We also agree with Waslihuin 
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(16, p. 311), Spence (13), Bud (1) and otlicis that many othci 
factois arc present in maze i mining which may mask or obscure 
this backwaid learning In our own maze a distilibing factor 
seems to he the existence of four doors and five choice points necessi¬ 
tating the lepetition of a door in the pattern of coirect doors 

A Hull's goal gradient hypothesis The question we must ask 
hcic is: Is Hull’s explanation of the um-directional goal giadicnt 
(backwaid learning) applicable to the bi-duectional goal giadicnt 
(forwaid-backward learning) in maze learning by animals ? Hull’s 
hypothesis (4) has a twofold basis. Fust, it is assumed that the 
excitatory tendencies for maze responses with the goal drive as then 
persisting stimulus decrease with then distance fiom the goal so that 
at a point of choice the excitatoiy tendency to take the right turn 
is stionger than the one to enter the blind alley. Second, there is 
expeinnental evidence to show (17) that the discrimination between 
two distances to the goal is subject to Weber’s law Fiom these 
two premises it follows that at a choice point neaiei the goal the 
discrimination between two excitatory tendencies (to take the light 
turn oi enter a blind alley) is made more readily t'han at a point 
farthci away, thus icsulting in the backward elimination of errors. 

This ingenious explanation fits the facts of the start-to-goal situ¬ 
ation whcic wc have a drive to the goal and a backward elimination 
of errois It does not fit the facts of the goal-to-goal situation where 
wc get a foiward-backward elimination of errors although we must 
assume the same goal dnve to c^ist It n> because Hull’s hypothesis 
icsts on a goal-directed drive that it is inadequate to account foi 
the bi-diicctional goal gradient If in the goal-to-goal situation a 
goal-duccted drive is picsent as the persisting stimulus for maze 
responses and if the animal discriminates distances according to 
Webcr*s law then we should get a backwaid elimination of eriois 
even m the first pait of the maze, a deduction contrary to our 
experimental results. This raises the further question of the valid¬ 
ity of this hypothesis even as regaids the uni-directionai goal grad¬ 
ient 

Hull himself, it should be pointed out, suggests the possibility 
of a bi-directional gradient (4, p. 39), but he does not indicate how 
it may be generated, unless he intends his entnely distinct hypo¬ 
thesis regarding the learning of rote senes (5) to serve this pui- 
pose We would then have one hypothesis accounting for the back- 
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waul elimination of eriois and another one for the fonvard-back- 
w«tid elimination, which would be an unsatisfactory state of affairs 

Miss Washburn who was the first to suggest an explanation of 
the backwaid elimination of cuors by means of a "gradient of ex¬ 
citation” based on a goal-directed duve, explicitly states that "it 
is the putting of an end to the dnve” at the goal that makes the 
mechanism possible "The process goes thus backwaul rathci than 
forwaid, setting in lcndincss the last movements of the maze rather 
than the movements made bv the lat just after it bad finished eat¬ 
ing” (16, p 378). 

These explicit statements definitely nilc out the possibility of a 
fonvard elimination of enois in the first part of ilic maze in the 
goal-to-goal situation Fot whenever we have a drive in one di- 
lection, a goal, and the discrimination of distances to the goal ac- 
couling to Webei’s law, the elimination of eirois must piocccd in 
the opposite diicction. 

It would seem then that the goal gradient hypothesis as developed 
by these writers is inadequate to account foi the foiward-backward 
elimination of eriors, unless it is extended so as to assume a gradient 
of excitation that glows weaker in a diicction forward from the 
goal as well as backwaid. That such a giadient exists is indicated 
by the Thorndike effect. 

B The goal gradient as a special case of the Thorndike effect 
Thorndike has demonstiated expenmentally (14) that in serial 
learning wheie a successful response is preceded and succeeded bv 
unsuccessful ones, not only rs tire tendency to lepeat the successful 
iespouse strengthened but also the tendency to lepeat the unsuccess 
ful ones; and this ^lengthening ot the contiguous connections dimin¬ 
ishes with the distance from the successful one both forward and 
backward 

It seems to us that the forwaid-backwaul learning in the goal-to- 
goal situation is a special case of the Thorndike effect. Theic is 
moie lieie than a supcificial lesemblancc between the cnoi curve 
shown in Figure 2 and a giaph representing the lepetitions of wrong 
responses contiguous to a right one in Thorndike’s experiment (14, 
p 55) In an analysis made by one of the authois (Dove, 2) it was 
found that the unifounity with which the same error occurs at 
the same choice point in two successive trials of the gonl-to-goal 
group is higher near the goals than midway between them. We 
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have here a special pi oof that the Thorndike effect occurs in maze 
running by rats just as it does in seiial learning by human subjects 
In our attempt to account for the bi-dtrcctional goal gradient 
in the endless maze with white tats as subjects we may theicforc 
assume as oui first premise that the excitatory tendencies for maze 
responses decieasc forwaid as well as backward from a goal, where 
the supremely successful icsponsc occuis (Thorndike effect) 

As a second premise we assume that any variation in the excitatory 
tendencies in a choice situation affects such a situation as a unit 
Our basis for this assumption is an experiment in which shock for 
the right lesponse accelerated learning a black-white discrimination 
as much as the usual shock for the wrong lesponse We concluded 
at that time that such an effect could not be expressed in terms of 
single responses but only m terms of the choice situation as a 
whole (9, p 274) If we now legald each choice compaitment in 
the endless maze as a unit, any factor affecting the rate of learning 
in any part of the maze should affect each choice situation as a unit 
As a third premise wc assume that an increase in the excitatory 
tendencies m a choice situation is accompanied by an increase in the 
sensitivity of the cues to be discriminated Increase in such sensi¬ 
tivity leads to an acceleration of learning (9) 

From these three piemiscs it would follow that learning immedi¬ 
ately before and aftei a goal takes place at a greater rate than mid¬ 
way between two goals 

This account of a bi-directional goal gradient does not explain 
the Thorndike effect itself. Whether or not such an explanation 
can be given in teims of forward and backward conditioning, some¬ 
what along Hunter’s important analysis, we hope to discuss at some 
future occasion 

As to the natuie of the goal lesponse, especially as regards Thorn¬ 
dike's insistence on its satisfying aspect, it is interesting to speculate 
whether or not the mere piesence of food in the starting compartment 
of an old type maze would impait goal properties to the start, that 
is, create a forward elimination of errors in the first part of the 
maze. 

C The Bi-directional goal gradient tn human learning We 
cannot conclude without emphasizing the discrepancy between hu¬ 
man and animal learning In human learning of rote series (3, 
p.624, 11) and mazes (15) forward-backward elimination of errors 
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is the rule Expenmcnts conducted in oui laboratory (8) have 
shown that massed and distributed practice m human maze learn¬ 
ing does not produce results compaiable to the difference between 
the goal-to-goal and start-to-goal situations in animal learning as 
we had expected, both methods of practice with human subjects 
produced forwaid-backwatd elimination of errors Further analy¬ 
sis showed that the chief reason for such an error curve was sym¬ 
bolic behavior Responses at the stait and end of the maze were 
verbally fixed at the beginning of training, other lesponscs were 
added during succeeding trials so that finally the center was ap¬ 
proached from both ends Here then we have a factor rn human 
learning which simulates the manifestation of the Thorndike effect 
in the goal-to-goal situation in animal learning* On the other 
hand, the Thorndike effect can be demonstrated vciv readily m 
human learning as occurring independently of verbalization ~Wc 
therefore suggest that the Thorndike effect is one of the fundamental 
principles of animal and human learning and that masking factors 
may in either case obscure its manifestations 

Summary 

Two groups of rats, hunger-food motivated, were given the same 
number of maze trials but under different conditions 

The experimental or goal-to-goal group was given 24 tn.ils on 
one day by means of the endless maze This apparatus consisted 
of four identical mazes arranged as the sides of a square with the 
food boxes at the four coiners As an animal left a food box it 
went directly into the next maze. Each food box was baited again 
as soon as an animal had left it. By going mound the square six 
times a rat got the equivalence of 24 trials in the same maze pat¬ 
tern The record made by this group showed a for ward -backwai d 
elimination of eirois, that is, the first and last coirtct choices were 
learned before the middle ones 

The contiol or stait-to-goal group was given one trial per day 
for 24 days in one of the mazes The record made by this group 
showed the typical backwai d elimination of errois. 

3 Still other factors may be present ill the case of incidental learning 
reported by Lepley (7) Here a daily roll call in a large college class 
produced a gradient of decreasing correctness of names of classmates both 
forward and backwaid from a particular student’s own name 
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It is maintained that the forwai d-backwmd elimination of eirors 
m the goal-to-goal situation is a manifestation of the complete goal 
gradient, which is bi-dncctional in its fundamental form The 
backward elimination of eirors in the stait-to-goal situation is a 
manifestation of only the first half of the gradient, the othei half 
is absent because the expciimcntal method intciposes a radical bie.iic 
in activity between the goal response and the next maze response 

Hull’s goal giadicnt hypothesis, winch was foimulated with a 
um-diiectional giadicnt m view, does not seem adequate to account 
for the bi-dnectional goal gradient This forni of the gradient is 
consideied to be a special case of the Thorndike effect, 

A hypothesis is roughly outlined to account for the bi-dnectional 
goal giadient 

Conflicting expenmental material fiom human teaming is ex¬ 
plained as the effect of masking factois 
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HOW RATS LEARN THE SIMPLE ALTERNATION 
PROBLEM IN A TEMPORAL WATER MAZE* 

Ohio Stale University 


Sol Evans 


Statement of thf Probli m 

In the spatial maze the white lat readily learns a simple alternation 
scries of almost any length (A spatial maze is an ordinary bidi- 
mcnsional maze in which the subject is not requited to icpe.it any 
of the various parts of the maze pathway, and it is therefore a maze 
m which the subject is required to make only one kind of turn— 
either right 01 left—at each choice point) Furthermore, Hunter 
(13) has shown that the rat somewhat easily learns a rather long 
series of simple alternation turns in a spatial maze which has many 
of its spatial chaiacteristics largely mashed a tndimensional maze 
Moreover, Carr (1) and Hunter (14) have shown that the rat, 
with considerable difficulty, lcains a simple alternation scries (il and 
Ir) in spatial complexes which have many of the characteristics of 
the temporal maze (A temporal maze, Figure 1, is one in which 
the subject is icquued to lepeat some or all of the parts of the maze 
pathway in new combinations, it is theicfore a maze in which the 
subject is icquired to turn in one dncction upon aniving at the choice 
point the fiist time, and in the opposite direction upon arriving at the 
choice point the second oi some subsequent time ) Finally, Hunter 
(12) found one rat who masteied a simple alternation series in a 
temporal maze Six of the seven lats used by Hunter m this test 
failed to attain masteiy The series used was a long one blihhh 
The rats were given fiom 18 to 65 hulls each All of the rats became 
oriented toward the right. 

The success of this one rat on a long senes of simple alternation 
turns in the temporal maze suggested to the writei that perhaps 
most jats might’ be able to learn the shortest type of simple alterna¬ 
tion seiies, namely, il or /; , and the fact that all of Huntei’s rats 
soon became oriented toward the goal suggested that the simple alter- 

*Received in the Editorial Ofhee on Octohei 17, 1936 


243 



244 


JOURN VL OF GFNETIC PSYCHOLOGY 


nation problem might piovidc a somewhat' persistent blind alley 
response, the evolutionalv stages in the elimination of which might 
become manifest as a function of piacticc The simple alternation 
pioblem was chosen fot investigation because it gave piomise of pio- 
viding a somewhat persistent euoi which the rat, with piacticc, 
might finally eliminate 

Huntci (12) invented the tempoial maze This maze may be 
used foi a great variety of pioblems* simple alternation (?/ m h) , 
double alternation (nil or Ihi), etc , and all combinations of these 
pioblems or of then vanoiis patts Using the temporal maze, Hunter 
(12, 13, 14) lias made a numbei of excellent studies of the progiess 
made by white lats on the double alternation pioblem Hunter’s 
main mtcicst, howevei, seems to have been that of testing foi the 
picsencc of symbolic processes He was, llieiefoie, mteiested in 
finding out whethei oi not the rat can establish the responses re¬ 
quired by the double alternation pioblem, and not in discoveiing the 
evolutionaly stages in which a blind alley response becomes a coirect 
response 

The problem of this investigation was to discovei how the white lat 
lea ins the simple altci nation pioblem in the tempoial maze To do 
this it is necessaiv to (a) find out how the blind alley response be¬ 
comes established, (b) trace the stages bv which this blind alley 
response is eliminated, and (c) discover how the coiiect lesponse 
becomes fixed The second aspect of the pioblem, that of eliminat¬ 
ing the blind alley lesponse, deseives special attention Difficulty in 
eliminating the cul-de-sac prevents an eailv solution of the problem 
Thioughout practically the whole learning series cul-de-sac elimina¬ 
tion is the problem of the tempoial maze test, 

Thi* Maze 

Hunter’s temporal maze was used in a pielinnnaiy test, but such 
gieat difficulty was experienced in getting the rat to complete a tnal 
in any icasonable length of time in the initial trials that a change of 
technique became imperative Huntei (12, 13, 14) fed his rats 
after each completed l espouse, and was thus able to keep them fail ly 
active, and moving in directions somewhat conducive to a solution 
of the problem The writer, however, desired to avoid feeding 
during the trial, hoping thus to avoid points of emphasis in the maze 
so that the perfoimance might be of a more unitary natuie with 
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respect to the final goal ot exit at the end of each tu.il. A means was 
tlicrefoie sought wheieby the rat could be kept active without rcsoiting 
to feeding duung the trial The tests conducted by Rucli (18), Mac- 
farlane (16), MacGilliviay and Stone (17), Wevei (19), Hack 
(7), and Dunn (3) in which the lat was forced to swim, suggested 
the use of water in the temporal maze Accordingly, a tempoial water 
maze was introduced for tnal and then used throughout the experi¬ 
ment 

Foi a numbei of leasons it now seems most fortunate that this 
decision was made First, the use of watei kept the rat active, and 



A TrMroRAi Waiir Maze 

In the simple alternation problem (rl) the animal staits at O, and is 
required to n averse the length of central alley 1, turn right, follow the di¬ 
rection indicated by the numerals 2, 3, 4-, and pass through door S (opened 
at the appropriate moment) back to 0, then traverse central alley 1 again, 
but this time tinn left, follow the direction indicated by the numerals 5, 6, 7, 
tin on gh door T (also opened at the appiopriatc moment) to O for the 
thud time, from which position it is allowed to escape by’ way of a ladder 
which is loweied just as it arrives 
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thus, in most cases, msuied the completion of a tual within a icason- 
able length of time. Secondly, the watei seems to have been the factor 
which bi ought about the veiy decisive orientation of the lats toward 
the goal m the eaily trials of the experiment, thus piovuhng an oppor¬ 
tunity foi studying the manner in which peisistent eriors aic elim¬ 
inated, i e,, how blind alleys ate shunted out And finally, by greatly 
eliminating ineitia, the use of water provided an oppoitunity foi the 
appealance, and thetefoic, foi the study of many types of hesitation 
responses, which do not become explicit when the lat is walking on a 
llooi 

Tlic maze (Figme 1) consisted of a heavy galvanized non tank 
(24"x48") in which two galvanized iion boxes, L and R t wcie placed 
as indicated, The two doois, T mid S, wcie hinged to one end of the 
tank as shown in the figuie The maze pathway indicated by the 
numeials 0, 1,2, 3, 4, 5, 6, and 7 is Syi inches wide The watei m 
the nia/e was maintained at a depth of 6 inches, except in the control 
tests, and at loom temperatute about 20° C The watei was nevei 
all removed at one tune (except in the contiol tests) A Inige pail 
of water was removed each day and a slightly gieatev amount added 
to keep the watei cleai and to maintain the level in the maze The 
tank was supported bv a metal fiame 36 inches high The maze was 
located in a “daik room” in the middle of the (loot and was illumi¬ 
nated fiom the centci of the ceiling bv a 150-w'att light piovidcd 
with an opaque globe The maze was sepaiated from the expen- 
menter by a heavy black canvas screen, 6'\8'. 

The Rvts 

Foui teen white mts 40 day's old weie used in this expel intent 
There wcie 6 males anil 8 females. Between trials the ints Yveie 
kept in cages in a well-lighted laboiatoty adjoining the loom in which 
the expeiunent was conducted The iats weie fed on a diet of dog 
biscuit and vatious kinds of gieen mateiial Ficsh watei was avail¬ 
able for them at all times 

Method 

The E.\peimental Piocedme . The expenmentei staited each tual 
by i caching through a flap in the scieen and placing the iat m Section 
0, the maze doois T and S being in the position indicated in Figuie 1 
Through a window in. the sciecn he observed the iat travel sing the 
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maze, and by means of handles which piojcctcd though the scieen 
he opciatcd the doois to comply with the conditions of the pioblcm 
In the lcgulai tuals each lat was given two trials daily, six days pei 
week, one in the motnmg and one in the afternoon. Escape fiom 
watei was the incentive used As soon as a tml was finished, the 
rat was ictuined in a caritei to lus living cage 

In the simple alternation pioblcm (tl) the lat started at the posi¬ 
tion O (Figure 1) and was required to travcise cential allev 1, 
turn to the light, follow the duection indicated by the numeials 2, 3, 
and 4 , and pass through dooi 5 (which was opened at the appiopnatc 
moment) back to O , then travcise the central alley again, but this 
time turn to the left, follow the duection indicated by 5, 6, and 7, 
through dooi T (also opened at the propei moment) back to O, from 
which position he was allowed to escape from the water by wav of a 
laddei which was loweied just as he arrived 

Using the numerals 0, I, 2, 3, 4, 5, 6, and 7 (which designate the 
various sections of the maze), the path followed by each rat on each 
trial was lecoidcd Protocols were also made of the many types of 
behavior that appeared ftom time to time hesitation, anticipation, re¬ 
tardation, letiacing, etc 

The time of each tual was taken by means of a stop watch 

The criterion of mastery was thiee consecutive correct trials 

The Use of Terms A number of terms were aibitiarily defined 
for use in this expenmcnt 

A "right turn” ( R ) consists in cat tying the head, shouldcis, and 
fore-feet from the choice point, on any choice of a trial, into section 
2 (Figure 1) 

A “left turn” (L) is similaily defined, with section 3 substituted 
for section 2 

A "correct turn” is a light turn when the choice requires a turn 
to the light, and a left turn when the choice rcquiies a turn to the 
left To he a "conect turn” the lesponse in question need not he 
completed correctly 

An “crroi” consists m carrying the head, shoulders, and fore-feet 
into a cul-de-sac 

A "conect trial” is one in which the rat follows the requucd pat¬ 
tern without making any error Retiacing in the required path docs 
not constitute an ei ror 

A "response” on any choice of a tual comprises the behavior sc- 
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qucncc inteivcning between the choice in question and the next choice 
01 the end of the tual 

A “coriect response” is a response in which theie is no error. 

Results 

The Establishment of Blind Alley Responses (on Choice 1). 
Fourteen iats wcie given two trials daily for 100 daj's m the temporal 
water maze shown in Figuie 1. On the fust two trials most of the 
rats had not yet become onented towaid the goal but turned right as 
often as left on both choices of the simple alternation problem How¬ 
ever, after the second tual, most of the animals became decidedly 
oriented towaid the left side of the maze, and so turned left on both 
choices of the problem for many consecutive trials thereafter All 
of the animals became oiiented to the left after the 8th trial This 
direction tendency was so great that all of the rats, after orientation, 
made ten or more consecutive tiials in which they turned to the left 
on both choices Half of the animals continued this left-turning habit 
uninterruptedly for moic than 50 consecutive trials Table 1 shows 


TABLE 1 

Trials Required for Orientation to the Left on Both Choices of the 
Simple Ai ternation Problem 


Rat 

Trials to 
Total 

Oiicnt Left 

Correct 

1 

2 

1 

2 

5 

3 

3 

0 

0 

4 

1 

0 

6 

4 

1 

7 

4 

3 

8 

4 

4 

9 

2 

1 

to 

2 

2 

11 

2 

0 

12 

5 

2 

13 

2 

1 

14 

2 

0 

15 

8 

1 

Median 

2 

1 


the number of trials lequued by each lat to develop this direction 
habit (i.e., to entirely discontinue turning to the right) on both choices 
of the problem The median number of trials required for complete 
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onentation was 2, with a lange of ftom 0 to 8 The gie.u peisistcnce 
of this left-turning Halnt was one of the most sti iking featmes of the 
behavior of the animals in this expetlinent 

Each of the rats, after turning left on Choice 1 and traversing 
the blind alley to Section 7, would persist' in its attacks on the closed 
door, often for minutes at a time, then it would turn and swim into 
Compartment 6, 5, or 1, only to return again immediate!} to Section 
7 These entncs into Section 7, and the many rc-cntnes thereto 
fiom the othei sections of the blind alley and fiom Section 1, on the 
first choice of the simple alternation pioblem (?f), aic characteristic 
of the early trials of the experiment. Re-entering the blind alley on 
Choice 1 of each trial continued for fiom 20 to 50 trials 
The Elimination of Blind Alley Responses 

1. Elimination of Re-entries Between the 20th and 50th trials the 
rats discontinued le-cntering Compaitment 7 on Choice 1, hut con¬ 
tinued to enter it once Tins means that each of the rats turned left 
and entered Section 7 on Choice 1 in each trial, but did not continue 
to turn back and le-entci this section fiom Section 6 or 5 on their way 
out of the blind alley, also they discontinued returning to Section 
1, and from there re-entering Section 7 

It thus occuiled that after return trips into Section 7 wcie dis¬ 
continued on Choice 1, all rats continued to tuin left once on each of 


TABLE 2 

Triais Required ro Masttr thc Simpib Aitmination Proiii fm (makf 
THREE CONSECUTIVE CORRECT RUNS) IN A TeMI’ORAI WaU-R MiW.I 


Rat 

Before 1st Correct 
Trial 

Ti mis 

Before Mastery 

1 

47 

159 

2 

f>2 

135 

3 

66 

1+3 

4 

20 

36 

6 

91 

160 

7 

30 

75 

8 

100 

173 

9 

93 


10 

12 

168 

11 

44 

127 

12 

39 

39 

13 

58 

78 

14 

47 

93 

15 

75 


Median 

52 5 

131 


Correct Before Mastery 


15 

17 

7 
6 

4 
6 

14 

15 

5 
2 

8 
9 


8 
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the two choices of each simple Alternation tnal So the path followed 
bv each animal became 0, 1, 5, 6, 7, 6, 5, 2, 3, 4, 0, 1, 5, 6, 7 (Figure 
1) Tins type of i espouse senes continued foi many tnals with all 
rats. Table 2 (column 1) gives the number of trials lequircd by 
each rat befoie he succeeded in inhibiting the left turn on Choice 1 
for the first time, and thus in effecting his first correct run. It will 
be seen that half of the tats who learned the problem required more 
than 50 trials to achieve a single conect tnal The lange was from 
12 to 100 trials Foi all tats except 12, this type of lesponse series 
continued in great picdominance until masteiv was achieved Rat 
12 achieved masteiv at the time of attaining his fiist coriect trial but 
fell back into the habit of turning left on Choice 1 immediately 
thereafter and continued in this habit to the end of his trial series. 
Rats 9 and 15 failed to mastei the pioblem in the 200 timis and this 
type of series continued 

2. The Elimination of a Peisistevt Blhul-/llley Response Since 
the left turn on Choice 1 was incoirect, and the left turn on Choice 
2 was correct, this left-turning habit gave each of the rats a low score 
on Choice 1 and a veiy high scoie on Choice 2 on the trials before 
mastery was attained. The left main column of Table 3 will help 


TABLE 3 

Pfr. Cent or Rcsponsls Before and ArrcR MAsrcR\ on Choices 1 and 2 or 

THF SlMPIE AitERNATION PROBI CM IN A TEMPORAL WATER MAZf 


Rat 

'I rials 

Before Mastei y 

Choices 

1 2 

% % 

Trials 

Aftei Masteiy 

Choices 

1 

% 


1 

159 

10 1 

99 4 

41 

73 2 

100 0 

2 

135 

12 6 

99 3 

65 

86 2 

100 0 

3 

1+3 

49 

99 3 

57 

82 5 

100 0 

4- 

36 

16 6 

94.4 

164 

78 7 

100 0 

6 

160 

25 

99 + 

40 

62 5 

100 0 

7 

75 

S 0 

100 0 

125 

34 4 

100 0 

S 

173 

8 l 

100 0 

27 

81 5 

100 0 

9 

200 

3 5 

99 5 




10 

168 

8 9 

99 4 

32 

75 0 

100 0 

11 

127 

5 5 

98 + 

73 

11 0 

100 0 

12 

39 

5 l 

97 + 

61 

+ 9 

100.0 

n 

7S 

11 6 

96 2 

122 

32 a 

100 0 

14 

93 

11 8 

96 8 

107 

73 8 

100 0 

15 

200 

6 5 

98 0 




Median 

131 

8 5 

99 3 

63 

73 5 

100 0 
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the icactei to compiehcnd the gieat extent to which each of the rats 
maintained his (mentation to the left in the trials bcfoic mastery was 
attained This table shows the per cent of correct turns, on the trials 
before and aftei masteiy, made by each tat on each of the two choices 
of the simple alternation problem Of the rats who mastered the 
pioblem, the median pei cent coirect on Choice 1 was 8 5, wheieas 
the median pei cent correct on Choice 2 was 99 3 How very slowly 
each of the animals learned the collect lespouses on Choice 1 is shown 
in Figuic 2 (lowei series) This giaph shows the pei cent of cor- 



FIGURE 2 

Pfr Cpnt or Correct Rfseonses Made eiy Each oi 14 Rats on Choicf 1 
in Each of 10 Successive Groues oi 20 Triai s 


lect i espouses on choice 1 made by each mt m each of 10 consecutive 
gioups of 20 trials (In this giaph all cuives follow the 0% line 
oi the plain solid line at all points not designated No cuives follow 
the 0 °/o line between the first and the second group ) 

Now conti ast 1 the performance on Choice 1 with that on Choice 
2 Figuie 2 (upper left) shows how very quickly all of the rats 
learned to respond concctly on Choice 2 (In this graph all curves 
follow the 100 per cent line or the plain solid line at all points not 
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designated ) Wc have already noted in Table 1 that all of the rats 
were making consistently correct responses after the 8th tnal Figure 
2 shows that 3 of the rats tesponded conectly on Choice 2 in each 
of the first 20 trials, that 6 lats weie correct on 19 out of the fiist 
20; that 2 were cotiect on 17, and that the remaining one was cor¬ 
rect on 16 of the first 20 trials It will thus be seen that of the 
animals who did make enois on Choice 2 in the fiist 20 trials, none 
made less than 80 pei cent conect responses As the icadci follows 
through the performance of the lats on the succeeding gioups, he will 
no doubt be struck by the exceedingly great peifection attained and 
maintained on this second choice by all animals It will he seen that 
m the 9 succeeding gioups of 20 trials each, only one Inal by one ani¬ 
mal was incoiiect This means that only one of the rats made a 
single enoi on choice 2 in the next 180 trials. Of 2,470 trials by 14 
rats, only one enor was made on Choice 2 

This great peifection of response attained so quickly by all animals 
on Choice 2 of the simple alternation problem is a significant fact for 
tire interpretation of observation made on the performance of rats 
on the double alternation problem and for the explanation of the ex¬ 
tension of a learned series of simple alternation lesponses This point 
will recur when the pioblem of explaining the extension of a learned 
scries of alternation arises However, since perfection on Choice 2 
was leached almost immediately by all rats, no furthei analysis of 
the lesponses on this choice need be undertaken here An analysis 
of the changes which occuired on Choice 1 will now be made 

In Figmc 2 it has been observed that aftei the beginning of the 
experiment, all iats soon reached the zeio point msofai as collect 
performance on Choice 1 was concerned. Eiror on Choice 1 continued 
to he the predominant type of response with all annuals fm many 
trials However, an inspection of these same data will disclose the 
fact that most of the rats finally did attain mastery of this choice 
(and hence masteiy of the problem) Figuie 2 shows that by the end 
of the 100th trial, rats 2, 4, 7, 13, and 14 had attained a fail degice 
of perfection on Choice 1 Four of these—4, 7, 13, Id—reached the 
cuter ion of mastery before the 100th trial, however, it will be seen 
that all of these rats fell oft in the accuiacy of then performance rn 
the next 1 20 to 40 trials An explanation for this i etrogression in 
behavioi will he attempted later All ot these 5 rats attained neai - 
perfcction in performance again, except 13 This lat did not again 
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equal its pievious lccoid m 200 tnals Errois on Choice 1 wcie 
piedonnnant with all rats, except 4 and 14, up t'o the 160th tnal 

Twelve of the lats mastered the problem Table 2 (middle 
column) gives the number of tnals leqmicd by each i.it to achieve 
mastery Foi the 12 who mastcicd the problem, the median numbei 
of tnals lequned was 131 and the lange fiom 36 to 173 The last 
column of the table gives the numbei of correct tnals made by each 
rat piioi to mastery. The median was 8, and the range fiom 2 to 
17 tnals, 

Rats 9 and 15 did not reach the criterion of mastuiv within die 200 
tnals allowed by this experiment 

Table 4 gives the lecord of each of the lats after mastering the 

TABLE + 

Tunis Correct Anna Mastiry on the Simpii Alternaiion I’rorilm (r/) 
IN THE TfMPORAI WATFR MA7F 

Trials Aftei Masteij’ 

Greatest Number 


Rat 

Total 

Conect 

Consecutively 

l 

41 

30 

9 

2 

65 

56 

22 

3 

57 

47 

20 

4 

164 

129 

23 

6 

40 

25 

S 

7 

125 

43 

21 

S 

27 

22 

6 

9 

10 

32 

24 

9 

11 

73 

8 

3 

12 

61 

3 

3 

13 

122 

40 

3 

14 

107 

79 

24 

Median 

63 

35 0 

8 5 


problem It will be seen from this table that 1 three consecutive cor¬ 
rect trials pioved to be a good criterion of mastciy, as fat as saving 
as an index for the piediction of future success is concerned Animals 
1, 2, 3, 4, 6, 8, 10, and 14 each succeeded on about 75 per cent of all 
tj i.ils aftei mastery If conditions were still more rigidly controlled, it 
seems possible, in this experiment, that the animals might pass fiom a 
past lecord of complete failuie to a lccoid of complete success Col¬ 
umn 3 of the table gives the greatest numbei of consecutively concct 
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tuals made bv each of the iats With ials 7, ll, 1 2, and 13 the cn- 
tcnoii did not piovc to he such a good index to future success Aftei 
making 7 consecutive conect nms, rat 7 fell hack into a less efficient 
method of lespondmg, namely, turning left at the climce point, going 
as fai as Section 5, then tuining and completing the remainder of the 
run successfully. This tvpe of senes piedommatcd for about 80 trials, 
ie, until the lat again lelcamed the conect turn on the 157th trial 
Fiom then on Ins pcifoimance w.is neaily pci feet 

Rat 11, after barely icaching the entenon of masteiy on the 127th 
tiial, fell back into a type of response similar to the reversion which 
occuried with lat 7, oi the still moie pmnitivc type of iespouse of 
going to Section 7 befoic completing the tiial These piedommant 
types of response were mteispeised with occasional conect runs This 
rat did not again reach the cuteuon of masteiy within the 200 trials. 
Rat 12, aftei barely reaching the cuteuon of masteiy, on trial 39, 
fell hack into two much more pimutive types of response going cither 
to 6 oi 7 on Choice 1, the latfei response predominating very gieatlv. 
One o\ the other of these two types of response persisted until the 85th 
trial, after which Choice 1 earned the animal to 5 on all tuals This 
animal developed a wrv neck aftei the 100th trial, and was thcie- 
aftei discaided from the group This iat did not make anothei pen 
fect run aftei the criteiion of masteiy was leached Rat 13, aftei 
barely icaching the entenon of mastery, lather peisistently alternated 
one oi two correct tuals with fiom 1 to 16 trials that weie mcouect, 
Theie were 16 consecutive tuals in which one conect tiial was altci- 
nated with one incoucct trial. The inconcct i espouses on Choice 1 
always earned the iat into Section 7 However, this lat again baiely 
reached the entenon of mastery on the 191st timl 

A gcneial pictuie of the frequency of occuiience of the dtffnent 
possible combinations of nqht and left turns may he had bv a glance 
at Table 5 Tins tabic gives the pei cent of the trials, before and 
aftei mastery, which fell into the six possible series of turns occuning 
on the two choices of the simple alternation pioblem The table also 
stiesses the point that has just been made, namely, that befote masteiy 
the rats were decidedly onented toward the left on both choices of the 
pioblem, 

3, Cul-Sftoi feu niff It has alicadv been obseived that Choice 1 was 
the only point of difficulty for the iats in the simple alternation 
problem This choice was in fact the problem foi all of the rats 



TABLE 5 

Per Cent of Trials, Before and After Mastery, That Fall into the Six Possible Series of Turns of 
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on tins test. All of the lats, foi many consecutive tiuls aftei the 
experiment began, made the cuor of tuimrig left and piocecding to 
Section 7, the end of the blind alley. It theiefoic became a point of 
much inteiest to discovei how this persistent erioi would be elimi¬ 
nated In keeping the piotocols of the tiials a recoid was made of the 
complete path tiavetsed by each of the lats on each filial [t was thcic- 
forc possible to discovei ftom the recoids whether the blind alley 
on Choice 1 was eliminated m an all-oi-none fashion oi by giadually 
shoitening the Lrips into tile alley. An analysis of the data on this 
point seemed to be a woithy cnteipnse, since it appeals that no analy¬ 
sis has vet been made of the elimination bv rats of blind alleys m the 
tempo) al maze 

The tuals marie by each of the rats may icaddy he divided into 7 
diftcicnt types on the basis of the type of lesponsc which immediately 
succeeded Choice 1, and in confoimity with the numbeied sections 
of the maze (Figuic 1) The most common type of iespouse on 
Choice 1 in the fnals befoic mastery was that of making a left turn 
and going to Section 7, the end of the blind alley, and from that point 
completing the remaindei of the tual conectly, This way of re¬ 
sponding was called Type 7 The other types that aie analogous to 
this, except that the rat turns aiound. aftei going only as fai as 6 or 
5, ate called Types 6 and 5 respectively Tlnee othci types are those 
in which a right turn canics the lat only as fai as Section 2, 3, oi 
4 respectively, from eitliei of which sections the animal letmns to the 
blind alley befoic finishing the trial conectly. These wcie called 
Types 2, 3, and 4 respectively The remaining type is the one we 
have termed a "correct” trial, and consists of completing the senes of 
responses required bv the problem without entering the blind alley 
at alt 

Thus a hierarchy of types may be annngcd—-7, 6, 5, 2, 3, 4, C— 
each successively supcnoi to the pieced mg type fiom the point of 
view of nearness to the solution of the pioblem. 

Table 6 gives the pei cent of the total iespouses, befoic and after 
masterv, that fall into each of these seven tvpcs of i espouse made on 
Choice 1, It will be observed that with all rats most of the tiials 
prior to mastery involved blind alley responses to Section 7 on Choice 
1 This was not only the most common type of enor but also the 
most common type of lesponse on this choice in the tiials before mas¬ 
tery The median pci cent of Type 7 icsponse befoie mast’dy was 
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TABLE 6 

Per Cfnt of Trims, Before and After Masters, that Faii into Each or 

THE SrVEN TyPLS OF TIIF HIERARCHY OF TUP SlMPI C ALTERNATION 

Problem (r/) IN a Temporal Water Mazp 


Types of Response 





7 

6 

5 

2 

3 

+ 

c 

Rat 

Trial: 

s 

% 

% 

7o 

% 

% 

% 

% 

1 

Befoie 

159 

8+ 9 

1 3 

1 9 

6 

1 3 


100 


After 

+1 

2+ + 





2 + 

73 2 

2 

Before 

135 

65 2 

89 

11 9 

7 

7 


12 6 


After 

65 

9 3 

1 S 


I 5 

1 5 


86 2 

3 

Before 

1+3 

90 2 

7 

1 + 

2 1 


7 

+ 9 


After 

57 

17 5 






82 5 

+ 

Before 

36 

72 2 



8 3 


2 8 

167 


After 

16+ 

19 5 



1 2 


.6 

78 7 

6 

Before 

160 

69 + 

62 

20 0 

1 9 



2 5 


After 

+0 

10 0 


25 0 

25 



62 5 

7 

Before 

75 

74 7 

93 

67 

1 3 



80 


After 

125 

72 

32 

5+ + 



.8 

3+4 

8 

Before 

173 

76 9 

34 

87 

29 



8 1 


After 

27 

3 7 


1+8 




SI 5 

9 

Before 

After 

200 

(69 0) 


(2+0) 

(3 5) 



(3 5) 

10 

Before 

168 

65 5 


5 + 

19 0 

6 

6 

8 9 


Aftci 

32 

21 9 


3 1 




75 0 

11 

Before 

127 

79 5 


8 7 

5 5 

8 


5 5 


After 

73 

+3 8 


+3 & 

1.4 



11,0 

12 

Before 

39 

87 2 


26 



5 1 

5 1 


After 

61 

65 6 

3 3 

26 2 




4 9 

13 

Before 

78 

80 7 

1.3 

26 

2.6 

X 3 


11 5 


After 

122 

66 + 



8 



32 8 

14 

Before 

93 

8+9 

11 


22 



11 8 


After 

107 

26 2 






73 8 

IS 

Before 

After 

200 

(90 0) 


(15) 

(2 0) 



(6 5) 

Median B 

131 

78 2 

1 + 

+ 0 

22 

0 0 

0 0 

8 5 


A 

63 

20 7 

00 

0.0 

00 

0 0 

0 0 

73 5 


78 2. With rats 1, 2, 3, 4, 10, 12, 13, and 14 this type of erioi also 
occuucd moie frequently than any othei in the trials after mastciy 
The median per cent of Type 7 tesponse foi the trials after mastciy 
was 20 7 

Now let us considei the manner in which the rats eliminated tins 
blind alley It will be noted that lat 4 was the only rat who did not 
shorten the blind alley response on Choice 1, one or more times before 
masteiy was leached Rat 14 was almost equally cl can-tut with his 
turns, slioi tening the response only once by turning in 6, and not at 
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all by turning in 5 The othei 10 animals who learned the pioblcm 
shortened the cul-iesponse on a numbei of trials, by one oi both of 
these tvpcs of cul-shoi tenmg responses The median per cent of 
Type 6 lesponses before mast'eiv was 1.4. With only one rat, No 7, 
was this the most frequenfly-occuuing cul-shoi temng response The 
median per cent of Type 6 after masteiy was 0 0 This type appeals 
to be a pre-mastery phenomenon. With no rat was tins the most 
f rcqucutly-occua ring cul-shoi temng response after masteiy 

The median per cent of Type 5 lesponses before masteiy was 4 0. 
With all rats, except 4, 14, and 10, this was the most frequently- 
occulting cul-shoi temng icsponse in the tuals prior to masteiy The. 
median per cent foi trials after masteiy was 1 6 

The size of the last median given does not convey a conect impres¬ 
sion of the great persistence of Type 5 responses after mastery with 
some of the rats Rats 11 and 12, aftet attaining mastery, were un¬ 
able to maintain it, and fell back into the moic pi motive Type 5 
response This was by far the most fiequently-occuirmg type of cul- 
slioitemng response with these two rats in the trials after mastery 
They were continuing this type of icsponse at the end of the expci i- 
ment Rats 6 and 7 also reveited to more pnmitivc types of response 
with Type 5 gieatly predominating With these two rats Type 5 
response was not only the most frequent cul-slrortemng lesponse but 
also the most frequent erior 

Responses 2, 3, and 4 were characteristic pie-mastery phenomena, 
and disappeared with masteiy Type 2 is of no little mtciest be¬ 
cause m it the rat is making a new response to an old situation. The 
rat piescnts a pictuie to the observer of being entucly stranded En¬ 
trance into the blind alley is inhibited, but what habit has been built 
up to take its place? While observing tins behavior, the expenmenter 
is tempted to become anthropomorphic and infer that the rat is saying 
to himself, "TJrcic is no use going into the blind alley, but wheie is 
there any place to go?" The median per cent for Type 2 responses 
before mastery was 2 2, and after mastery, 0.0 Rat 10 was held up 
on Type 2 in 19 0 per cent of his trials before mastery 

Type G, couect responses, became predominant with all rats except 
9, 11, 13, and 15 by the 180th trial The median per cent for this 
type before mastery was 8 5 and after mastery, 73.5 
4 Hesitation Responses We have just noted that all of the rats, 
with one exception, engaged m a number of cul-shortening responses 
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befoie developing the habit of consistently eliminating the blind alley 
on Choice 1 The most significant observation made on this senes of 
tests, howevei, was the appealance and peisistcncc of hesitation be¬ 
havior accompanying the lesponse undcigoing modification Pic- 
vious to the appealancc of the hesitation 1 espouse, all rats had been 
hugging the left central alley-—anticipating the left turn into the 
blind alley 

Hesitation behavioi began to manifest itself in all lats on Choice 
1 just prioi to, coincident with, or immediately subsequent to the 
first coirect trial (Table 2) Many types of hesitation responses ap¬ 
peared, but for puiposes of exposition, they aie all placed undci thiee 
mam headings in Table 7 These aie called hesitation propn, cent/ a! 
alley letutn , and end wall encounta responses Undci the beading, 
hesitation piopei, is included the response of staiting left, then go¬ 
ing right, and vice veisa, turning the head left, then going right and 
vice veisa, being held on a balance and vacillating back and forth, 
slackening the swimming speed gieatly at the choice point, hitching 
quickly to the right oi left, sw'erving back and foith in ai riving at 
the choice point, stopping at the choice point foi a short or a long 
time, barely entering the blind alley and turning light, turning left 
through an aie of 270° and going or staiting to the right, and shift¬ 
ing back and foith from one side of the cential alley to the other 
at the choice point il_, hi, thl, h h l, ilihf, h, ih, hit, ilrli, oi Irhh 

All of the rats engaged in many of the different varieties of re¬ 
sponse listed as “Hesitation Ptoper" and sevcial of the animals en¬ 
gaged in most of the different vaneties The variety which occur led 
most frequently with most animals was the tl or h . kind 

The othei two main types of hesitation lesponse listed in Table 7 
are almost self-explanatory A central alley return lesponse was a 
response in which the rat, aftci having travelsed the length of the 
cential alley from the staiting place to the choice point, turned 
around at the choice point and ictiaccd all oi pait of the distance 
back to the staiting place before finishing the trip through the maze 
An end wall encounter was a response in which the lat, without slow¬ 
ing up oi turning to the light or left, swam straight ahead and bumped 
into the end wall of the maze, just beyond the choice point 

Table 7 lists the pei cent of the total responses (eonect and incoi- 
lect) made by each rat on Choice 1, before and after mastery, that 
were characterized by the thiee diffeient types of hesitation behavioi 
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5 Hesitation Pi ope> A glance at the type entitled “Hesitation 
Piopci" will disclose that a majority of the i.its hesitated at the 
choice point moic fiequentlv aftei mastciv than befoic niastciv. 
Nine of the 12 tats (1, 2, 3, 4, 6, 7, 10, 12, 14) who masteicd the 
pioblem hesitated on a gieatci per cent of the choices after mastery 
than befoie masteiv The most mteiesting fact, howevei, is that 
aftei masteiv a choice upon which hesitation occuned stood a better 
chance of teiminatmg in a coirect lesponsc than the same kind of 
choice befoic mast'eiy. Be foie mastcrv the median pei cent of tutor- 
lect hesitation responses was about six times the median per cent of 
coned hesitation tesponscs After masteiv was achieved the icla- 
tionslnp was reversed the median pei cent of conect hesitation ic- 
sponses was then tince times the median pci cent of incoriect hesita¬ 
tion tesponscs Thus the lats weie not only hesitating moie fie- 
quently, but the hesitation movements m which they were engaging 
weie tcimmating moie ccttainly in coriect responses The lats weie 
giactually learning to engage in a variety of activities without dis¬ 
rupting whatever posture was lequisite for inhibiting cntiance into the 
blind alley It may well be said that the i. its at first went the wtang 
way; ne\t, they learned to hesitate anil go the wiotig way, they then 
learned to hesitate and go the tight way At the close of the tiial senes 
a few lats had reached the point in then tiaining whcic thev mciely 
went /he ughi way Most of the rats, no doubt, would soon have 
leached the last stage in then tiaining, howevei, the training series 
was discontinued too soon to lowei gieatly then hesitation lecoid 
At first no rccoid was kept of the time consumed in each hesitation 
response The lesponses weie of such short duiation as to make then 
tempo! al importance appear insignificant foi puiposes of this investi¬ 
gation With moic tnals, howevei, hesitation time mcieased It was 
soon lccogmzcd that the duiation of these hesitation responses might 
prove to he a significant factor in this investigation Accordingly, a 
time recoid was inaugurated foi that vanety of hesitation iespouse 
consisting of one oi moie shifts hack and foi th acioss the cential alley 
at the choice point This was the most picvalent vanety of hesitation 
xesponse The median time consumed in this vanety of hesitation 
was 12 2 seconds. There weie 23 hesitation responses in which the 
subjects shifted back and forth 4 times in fiont of the choice point, 
and which teimmated in conect tnals Foui of these 23 i espouses 
weie bv 2 lats before mastciy, and the other 19 weie by 8 rats after 
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outstay The median duiation of this vanety of hesitation was 21.3 
seconds. 

Another vanety of this type of hesitation response should be men- 
tinned Two of the iats, 6 and 7, in 7 5 pei cent and 7 2 per cent 
respectively of theii tnak aftei mnsteiy, engaged in a vanety of 
liesitation i espouses consisting of swimming to the choice point in the 
usual marinei, and then turning aiound left as on a pivot through an 
ate of 270° bcfoie proceeding to the light. This was undoubtedly 
the remnant of a blind alley iesponse which no Longer earned the rat 
mto the blind alley. Rat 14 engaged in a somewhat similar kind of 
hesitation lesponse m ovei 50 pei cent of the trials aftei mastery 
Tins response consisted in a sudden hitch to the light after turning 
the head and neck towaid the entrance to the cul-de-sac. 

6. Central Alley Returns The second type of hesitation behavior, 
the cential alley return lesponse, was exhibited befoie mastery by 
nine iats With eight of these all such responses before mastery were 
incorrect or blind alley responses Befoie mastery only one rat, No 
10, succeeded in making any successful responses after retracing in the 
central alley This rat made two such responses aft’er letiacing The 
median per cent of incorrect cential alley retrace responses before 
mastery for the rats who learned the problem was 1 1, and the lange 
from 8 to 4 0 Rat 8 made 8 such unsuccessful ictrace lesponses 
befoie mastery, The median pei cent conect letrace responses 
was 0 0 

If we turn to the letrace responses made by the rats after mastery 
we have much the same picture Howevei, fewer iats participated 
in such lesponses Only 3 iats—4, 7, 8—-engaged in retracing 
lesponses after mastery. The feature that makes these responses 
similar to the retracings before mastery is that all of them terminated 
in unsuccessful responses on Choice 1 It appears that central alley 
letiacing is largely a piemastery phenomenon, which may occasionally 
appear in trials after mastery; but that its appealance even in trials 
after mastery is Likely to result in an unsuccessful response on the 
choice with which it appears. 

The almost certain failure which results subsequent to these central 
alley retrace responses suggests that the limit as well as the length of 
the transition stages of the cul-shortening piocess may be an impor¬ 
tant factor m the rate of maze learning; and that the rat who shortens 
the alley by the greatest transition steps need not always be the most 
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rapid leainci It has alieadv been shown (Table 6) that cul-shoit- 
ening does not advance by impel ccptiblc steps, but mtliei by jumps 
(small or laige) Rat 4 passed dnectly from Type 7 responses to 
Type 2, i e., shoitened the blind alley by its full length on the first 
tiansition step Except for one tnal the same was tiue of rat 14 
These two lats were by far the best peiformers in the gioup On the 
othei hand, lats 9 and 15, whose first tiansition step was inteimediate 
in length (fiom Type 7 to Type 5), wcic decidedly the poorest pci- 
formeis (failed to learn the pioblcm) The lathei high per cent 
of cential alley rctiace lesponses m which these last two rats en¬ 
gaged suggests that the limit of the second step of the evil shortening 
pioccss fell somewhere in the central alley, and icsulted in a series 
of incoriect responses, The pornt that is being made is that a large 
tiansition step is conducive to lapid learning, provided its limit falls 
at or ncai the choice point, but that such a step complicates the prob¬ 
lem when its limit falls any considerable distance into the central al¬ 
ley Short tiansition steps (the type occuning with most of the rats) 
stand a better chance of providing a limit which falls nem the choice 
point. This may be the explanation as to why all of the i,its who em¬ 
ployed short transition steps sooner or later learned the problem 

Rat 2 presents a case in which the cul-shoi temng process, after 
passing tlnough a numbci of tiansition steps, had apparently extended 
back into the starting box For many tuals subsequent to masteiy, 
this rat remained in the starting box for about one minute befoie start¬ 
ing on his tiip through the maze While in the starting box this 
rat appealed veiy tense and inhibited (presented the same general 
picture that most of the rats did in then hesitation responses at the 
choice point just prior to lejccting the blind alley) , but at the end of 
his stay thcie, he began to swim very freely up the cential alley while 
hugging the light side wall Upon reaching the choice point he 
turned to the light without hesitation Near the time of their at¬ 
tainment of mastery a numbci of such icsponses occurred with foui 
other rats 

7 End Wall Encounte)s The third type of hesitation response 
which occuired on Choice 1 was the end wall encounter response 
Nine rats engaged in this type of response. Eight exhibited the re¬ 
sponse before masteiy Seven of these made incorrect responses on 
each trial after bumping into the end of the maze Before mastery 
only one rat, No 2, succeeded in making a correct response on Choice 
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1, after having bumped into the wall Tile median pei cent of mcoi- 
icct end wall encounteis occuinng befoic mastery was 4- The 
median pei cent of coucct end wall encounteis was 0 0 In the end 
wall cncountci lcsponscs occuuing aftei mastejy theie was a some- 
wh.it difteient tiend Fout tats paiticipatcd in end wall responses 
after masteiy But, whetcas end wall encounter lesponses before 
mastciy teinnnated in inconect lesponses on Choice 1 with almost 
all rats, the same type of hesitation icsponscs teinnnated in coirect 
i espouses aftei ma^tciv It seems evident that tlnee of the lats 
had learned to maintain the postuie neccssaiy to inhibit entiance into 
the blind alley even aftei crashing into the end wall One animal, 
however, still paiticipated in one end wall lesponse which teirmnated 
m an unsuccessful response 

It appeals fiom this obseivatioti that the end wall encountei ie- 
sporisc is picdominantly a pie-mastery phenomenon, and that with 
training the 1 at mav lcain to engage in such activity without be¬ 
coming disinhibited 

Rcveisioii, A striking featuie of the peiformance of the iats on 
the alternation pi oblem was the phenomenon of icvcision After 
reaching any one of the more advanced types of peifoimance, each of 
the rats occasionally, and many of them persistently, continued to fall 
back into a moie primitive and less adequate t} r pe of solution This 
continued to occur on a consideiable scale until neai-perfection was 
reached. This fact has been iccogmzed by many investigators (8) 
The phenomenon is piobably to be attubutcd to the impossibility of 
attaining absolute contiol ovci the stimulating situation while a 
response is suffeung cxpenmental extinction 

Whatever may be the basis for ieversion, it was believed to be an 
impoitant phenomenon foi the explanation of the development of 
mastery of the alternation problem An investigation into the prob¬ 
lem of whctliei the alternation habit, which had developed through 
the vanous stages of the lneraichy, could be foiccd back into some of 
these stages thtough which it had developed was consideicd a woithy 
undertaking. 

Reference has nlicadv been made to the fact that by the end of the 
100th tin'll, iats 2, 4, 7, 13, and 14 had leached a lathei advanced 
stage of mastery. All of these except numbei 2 had mastcied the 
problem in teims- of oui ciiteiion It will be obscived (Figuic 2) 
that in the 5th group of 20 trials, rat 2 was coirect on 35 pei cent, 
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iat 4 was collect on 95 pci cent, rat 7 on 30 pei cent, lat 13 on 50 
pei cent', and lat 14 on 45 pet cent of the trials The remaining 9 
rats wcie making scores not much better than at the beginning of the 
series, hut many of them bv this time had passed through the lower 
Ineraichy of types and weic just on the brink, so to speak, of pei- 
fccting the habit. 

The alternation habit had appealed so unstable throughout its de¬ 
velopment that it was believed that the experimental situation pro¬ 
vided a good oppoitumty fot a test of the icvcision hypothesis The 
habit with most uts had developed thiough a pait or all of the hiei- 
aichy of stages, and on the 100th tnal, theic wcie lats in all of the 
different stages. Fuithcimoic, all of the ints, even those who had 
mastered the problem, seemed still to be very stiongly oiiented tow aid 
tire goal at all times except at the time, oi immediately preceding the 
time, that Choice 1 was made These conditions seemed to provide a 
splendid opportunity foi testing the hypothesis A habit without a 
hierarchy of stages docs not piovide such an opportunity In order 
to test for revetsion, it is necessary to have something to -which to 
revert, and this something must be known. 

It was desired that the stimulating situation be changed in order 
that attendant changes in the behavior, if any occuricd, might be ob¬ 
served , but it was not desired that the change be gieat enough to 
throw all the animals back into the most primitive level of the hier¬ 
archy, i e, Type 7 (Table 6) The modification introduced was 
that of changing the water in the maze and 1 fusing the level lj/a 
inches 

As has been previously mentioned, it was not the practice in the 
expenment to lemove all of the watei from the maze at one time 
Only one large pail of watei was removed and a like amount re¬ 
placed each day However, for this control test, all of the water 
was lemoved fiom the maze, the maze tboioughly washed, and ic- 
fillcd with fresh watei at 100 m temperature, but at a level 1)4 
inches higliei than m the preceding lnals of the expenment The 
rats weic then given all of then remaining tnals (100) m water at 
the new level 

The pci cent of trials of each of the lats that fell into each of the 
7 types of the hierarchy (Table 6) previously discussed was com¬ 
puted on the basis of tile 7 trials given subsequent to the intro¬ 
duction of the new feature into the stimulating situation I he data 
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fcti the 27 tnals pievious to the introduction of the new stimulus 
were also computed for companson This companson is made in 


Table 8. 


TABLE 8 


pFR CENT OF TrIAIS THAT FAIL INTO E \CH Or THE SEVFN TYPES, BEFORF 
and After Modifying thl Stimulating Situation 


Rat 


7 

% 

6 

°/o 

Hierarch} of Types 

5 2 3 

c /o % % 

4 

% 

C 

% 
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Unmodified 

88 9 


3 7 




74 


Modified 

71 + 


14.3 




14 3 

2 

Unmodified 

26,0 

7 + 

40 7 




25 9 


Modified 

71 4- 

14 3 

14.3 
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Unmodified 

81 5 


74 



3 7 

74 


Modified 

100 0 
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Unmodified 

1+ 8 





3 7 

81 5 


Modified 

71 + 






28 6 

6 

Unmodified 

51 9 

14 8 

25.9 

3 7 



3 7 


Modified 

57.1 


42.9 





? 

Unmodified 

14 8 

7.4 

48 2 



3 7 

25 9 


Modified 

14,3 


85 7 





8 

Unmodified 

92 6 


3 7 




3 7 


Modified 

85 7 


14 3 





9 

Unmodified 

51 9 


22 2 

18 S 



74 


Modified 

71 4 


14 3 

14 3 




10 

Unmodified 

25 9 


7 + 

48 2 

3,7 


14 8 


Modified 

57 1 


14 3 

28 6 




11 

Unmodified 

63 0 


22 2 

11 1 



3 7 


Modified 

100 0 







13 

Unmodified 

48 2 



3 7 



48 1 


Modified 

71 4 






28 6 

14 

Unmodified 

51 9 



27 



44 4 


Modified 

714 






28 6 

IS 

Unmodified 

63 0 


74 

3 7 



25 9 


Modified 

100 0 







Median 

Unmodified 

510 

0Q 

7,4 

3 7 

00 

0 0 

14 8 


Modified 

71 4 

00 

14 8 

00 

0,0 

00 

00 


It will be observed that i eversion took place with all of the rats 
with the possible exception of tat 1 In general, the l.its decieased 
in the pci cent of trials falling into the higher levels of the hier¬ 
archy and increased in the per cent of tnals falling into the lowci 
levels of t)ic hierarchy. Twelve of the 13 animals decieased in their 
percentage of correct trials The median per cent coricct before 
disturbance was 14 8, and aftei disturbance, 0 0 Theie was a decrease 
in percentage of trials of Types 3 and 4 with all rats who had been 
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engaging in eithei of these types, although the numbei participating 
in these types was not gicat enough to bring the medians above 0 0 
pci cent. Of the 7 rats engaging in Tvpc 2 trials, all had then per¬ 
centage of trials of this type diminished coincident with the introduc¬ 
tion of the distuibmg stimulus The median pei cent of the last- 
named tnals was 3 7 before distuibance, and 0 0 after disturbance 

On the other hand, the pei cent of tnals in two of the tlnee lowei 
levels of the lueiarchy was gicatly increased It is tiue that of the 
10 rats who engaged m Type 5 tiinis, onlv half of them had their 
pci ccntagcs in tins type incicased incident with distuib.mces, but 
there was an increase of the median fiom 7 4 pci cent to 14.4 per¬ 
cent, and with the 5 rats whose per cent of Type 5 tnals decreased, 
there was a gi eater compensation toward the lower level of the hier¬ 
archy in the pei cent of Type 7 trials. The pci cent of Type 6 
trials was increased with one of the three rats who were palticipating 
in this type of trial, and became zero with the otliei two The per 
cent of Type 7 trials was incieased with ten of the 13 rats The 
othei three—6, 7, 8—had their pei cent of this type of trial shghtlr 
lowered, but this decrease was moic than compensated foi by the m- 
ciease which occuired with these lats on Type 5 trials A compan- 
son of the medians before and aftei disturbance gives a good con¬ 
ception of the increase that occuned in this tvpc of trial The median 
pei cent befoie distuibance was 51 9, aftei distuibance, 71 4 It will 
be observed from Figure 2 that this disturbance was not oveieome 
with most of the animals until aftei about 40 or 50 trials 

This reveision test indicates that the rat was not pei forming on the 
basis of stai ting-box cues, but in accordance with the stimulating 
situation as it developed while the lat was tiaveismg the cential 
alley 

The Extension of a Learned Senes Gellcimann (4, 5, 0) and 
others have noted in monkeys and in children a tendency to alterna¬ 
tion Husband (15) has shown that human subjects tend to alter¬ 
nate while the rat develops a duection tendency That the lat soon 
develops the dncction habit undci ceitain conditions in the temporal 
maze, theie can be no doubt This is shown in this experiment by 
the fact that the int always turns left on both choices of the simple 
alternation problem for many consecutive trials, before eliminating 
the blind alley on Choice 1 Howevei, the fact that the second 
choice was invatiablv a tuin to the left in spite of the fact that u left 
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response on the pievious trial had been unsuccessful, suggested the 
possibility that a simple alternation senes, after once under wav, is a 
veiy natuial and elementaly sequence of responses foi the lat to de¬ 
velop 

About two weeks .after the learning and contiol tnals weie fin¬ 
ished and the i ats had rested fot 10 01 15 days, a test of the ability 
ot the vats to successfully extend the simple alternation habit of two 
choices into an alternation senes of foui choices was undeitaken 
Tuclvc rats weie used in the test The number of tnals given to 
each of the vanous l.tts ranged ftom 4 to 8 
Dining the period of lest a number of the lats had fallen off in then 
ability to succeed on Choice 1 of the simple alteration pioblem How- 
cvei, whether oi not the lat was successful on Choice 1, it was al¬ 
lowed the oppoitumty of extending the senes to font choices 

Table 9 gives the results of the extension test It will be observed 

TABLE 9 

Pir Cpnt of Correct Responses on CHoicrs 1, 2, 3, and 4 in Extendino a 
Two-Choice Simpie Aitcrnation Series ( il ) to a Four-Choice 
Simple- Alternation Series 


Rat 

Trials 

1 

% 

2 

% 

Choices 

3 

% 

4 

7o 

1 

6 

16 7 

100 0 

66 7 

100 0 

2 

8 

100 0 

100 0 

87 5 

100 0 

3 

+ 

50 0 

100 0 

75 0 

75 0 

4 

8 

100 0 

100 0 

75 0 

100 0 

6 

7 

28 6 

100 0 


100 0 

7 

7 

28 6 

100 0 

85.7 

100 0 

8 

S 

100 0 

100 0 


100 0 

9 

6 

83 3 

100 0 


100 0 

U 

7 

42 9 

100 0 


100 0 

13 

5 

60,0 

100 0 

40 0 

100 0 

14 

7 

100 0 

100 0 

42 9 

100 0 

15 

5 


100 0 

40 0 

100 0 

Median 

65 

55 0 

100 0 

41.5 

100 0 


that 8 of the 12 iats extended the senes with considerable degree of 
success Foui of the rats who successfully extended the senes made a 
better record on the last two choices than on the two choices on which 
they had been trained The other foui did not do as well on the 
last two choices as on the first two but their reduction in efficiency 
was not great When failure occutied in the extension of the senes 
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on any tnal bv any one of the eight rats, it was piobably biouglit about 
bv a long delay in the staitmg box, aftei the second response had been 
completed the animals peisistcd in attempts to climb the wall of the 
maze at this point in then progicss, All 8 lats, on all tnals in which 
they piocecdcd up the cential alley immediately aftei finishing the 
second (left) response, were successful in making a right icsponse 
on Choice 3, 

Four of the lats failed completely on the pioblcm of extending the 
senes, turning left on both Choices 3 and 4 The explanation of fmi¬ 
me Dn all tnals m the case oi these fotn lats is piobably the same as 
that with the othci eight on the trials in which they failed Each of 
the four lats who completely failed m extending the scries stopped foi 
long periods of time to attack the walls of the staiting box aftei com¬ 
pleting the second icsponse of the senes 

It is a suiprising fact, not that some of the animals failed on all 
tnals to extend the senes, noi that all animals failed on some of the 
tnals, but that any of them succeeded in extending any of the tnals 

It will be icmembeied that all of the lats for a gieat number of 
consecutive trials in the tianting senes responded by going left on 
all choices Now that the nits should leacli a median of 41 5 per cent 
success m extending the senes despite the fact that all of them delayed 
in the stalling box aftei Choice 2 in some oi all of then trials is n 
most stiikmg fact indeed This is the phenomenon which Hunter 
(9, p 216, 10, p 531 , 11, p 1) has called “alternation after suc¬ 
cess ” A rat who has recently traversed a path aiound one of the 
rectangles does not so leadtlv lepeat the path, blit is moie prone to 
follow a path leading in the opposite dnection This tendency to 
alternate bears on the pioblem of learning by nits of the simple altci- 
nation tempolal maze It explains why all of the animals wci e always 
coucct on Choice 2 almost from the vciy beginning of the senes of 
tnals It will be obseivcd that in the test of extending the stnes, 
all animals except one were collect on Choice 4 on all tnals upon 
which they were tested 

Resume of the Learning Process 

The obscivations made upon the rats m the learning senes, in 
the i eversion t’est, and in the test on extending a series of simple altci- 
nation responses have piovided data, it appeals, for a somewhat com- 
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pletc descuption of the development of the simple alternation habit 
in the temporal maze Such a description will now be attempted 

On the first tnal tire mt is neutral with respect to the various sec¬ 
tions of the maze and therefoie with regaid to Choice 1 of the piob- 
km lie will therefoie be as likely to turn in the one clnection as in 
the other at the choice point Whether he turns to the right or to 
the left, no change of any great consequence results from what occurs 
on Choice 1 In whidievei direction the choice is made, the rat must 
finally go aiound to the right aftei Choice 1. Now, on Choice 2 the 
i at is as likely to turn in one direction as in the other, This is tin- 
deistandablc on the basis of the assumption that nothing of anv gieat 
consequence foi learning has occuiied on Choice 1, and from the fact 
that the iat has tiavelcd m a ver) r slow and zig-zag fashion around 
the i ight side of the maze and up the central alley, just previous 
to making Choice 2 Tins slow movement would nullify the ten¬ 
dency to alternate (if there be such at this time). But whether the 
rat turns to the left or to the light on the second choice, he must 
finally go to the left, where he is allowed to escape from the water 
and maze. Responses in the direction of tile goal now have an 
opportunity to become conditioned to goal and pre-goal stimuli. 

Now, after the fiist, or after a very few trials, all of the rats 
become veiy stiongly oriented towaid the left side of the maze, and 
both choices thereafter arc to the left for many consecutive trials 
Tins is shown m Table 2 Table 5, which shows the percentage of 
each type of the six possible response series, bungs out the same point 

The rat remains peisistently etrorless on Choice 2 throughout the 
training trials. Two important factors no doubt contribute to this 
great proficiency on Choice 2 Fiist of all, to be sure, is the factor 
of conditioning, Responses which cairy the iat toward the goal aie 
built up to goal and neai-goal stimuli, so that these stimuli, whenever 
piesented, call foith these directed lespohscs But a second, and 
very important factor is the easily acquired habit of simple alterna¬ 
tion So it occuis that the stimuli pi esent to the iat at the choice 
point plus the letatned effects of having just gone to the light work 
together to insure that the response on Choice 2 shall always be to the 
left 

The iat, after becoming oriented, also persistently turns left on 
Choice 1, for many consecutive Inals This left-turning habit on 
Choice 1 is an effect of the conditioning which has occuired on 



SOL rVANS 


271 


Choice 2 At the time Choice 1 is made and foi several seconds pre¬ 
vious to that time, the objective stimulating situation is the same as 
on Choice 2 This stimulating situation brought fotth a left turn 
on Choice 2, so it now brings foith a snnilai response on Choice 1. 
The problem on Choice 1 is similar to that confionting a lat who 
finds himself in the middle of a long maze the last half of which he 
has already masteied If the rat is not allowed to ictrace, he will 
be expected to follow the accustomed path Carr and Watson (2) 
have shown that this is just what occuis. But the rl pioblcm re¬ 
quires that the rat turn light on Choice 1. which is requiring him 
to go opposite the dnection he has learned to go on Choice 2 The 
whole problem for the lat then becomes one of eliminating the left 
turn on Choice 1 Let us proceed to the method by which this is ac¬ 
complished 

Vanous types of responses become conditioned into this laigei pat¬ 
tern of going left on Choice 1 Anticipatory responses soon extend 
backward, in this pattern, into the cential alley, and then back al¬ 
most to the starting box. The rat begins hugging the left side of 
the central alley almost immediately after starting up the alley tovvaid 
the choice point These responses make it appear to the obsetver that 
the rat is tiying to tuin left befoie reaching the choice point Simul¬ 
taneously with most rats anticipatory alley shortening responses begin 
to appear, and the rat, on many of his trials, does not go to the bot¬ 
tom of the blind alley. 

These cul-shortening responses finally extend backwatd in the 
pattern of response as fai as the choice point and compiise all of the 
various kinds of 1 espouses to which the name "hesitation” has been 
given. 

Hesitation occurs at the choice point because the lesponse to the 
left is inhibited, and no new pattern of response has been built up 
to substitute foi it The lat cannot go left, its muscles literally 
"stick” upon aruvmg at the choice point But it has not learned to 
go to the light in this or any similar stimulating situation Ncvei 
befoie has the rat confronted this poition of the maze at a stand-still 
Not only must the iat, m ordei to make a correct lesponse, maintain 
its posture for inhibiting the left tuin, but lie must also get a new 
response under way But upon starting in the right dnection, the 
rat often loses its postuie foi inhibiting the left response and thus at 
last enters the blind alley, most often to the veiv bottom It thus oc- 
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curs that hesitation icsponscs in the eaily learning tuals usually ter¬ 
minate in inconect lesponses on Choice 1 As moie and more trials 
aic made, and thciefoie, as moie and more hesitation lesponses 
occui, the rat becomes moie efficient at maintaining its postuic for 
inhibiting the left turns until its hesitation lesponses bung it into a 
stimulating situation sufficient to call forth a 1 esponse to the right 

Hesitation lesponses at the choice point at first occur only occa¬ 
sionally because the cul-shoitenmg i espouse on most tuals does not 
yet extend backwaid in the cnot pattern m any huge percentage of 
the tuals As the trials accumulate the cul-shoi tcning lesponsc occurs 
on a gieater and gtealci pet cent of the dials until hesitation occurs 
on each dial 

Rats 6 and 7 exemplify this shoitcncd cul-iesponse ieduced to a 
vestige All of the rats, on then tups into the blind alley on Choice 1, 
developed the habit of turning aiound left befoie ieffacing then 
paths out of the blind alley This habit continued as they shortened 
then trips into the blind alley A number of lats retained this turn aftei 
having eliminated the blind alley. Rats 6 and 7, in 7 5 pei cent and 
7 2 per cent lespcctively of then trials after mastery, engaged in this 
variety of hesitation icsponse The lesponsc consisted of turning 
aiound left as on a pivot thiough an aic ot 270° and then proceeding 
to the light 

The other tvpes of hesitation i exponses -weie also phenomena of 
the same chaiactei as the anticipatoiy response of cul-shoi tening 
The ictuins back the cential alley weie examples in which the cul- 
shortcning response extended hack beyond the choice point into the 
ccntial alley. The rat staitcd out from the starting box, swam a 
part of the length of the cential alley, and became inhibited The 
general bchavioi of the lat presented tile same pictuic as the cul- 
shortening lesponses In the eaily trials in which this type of icsponse 
occurred, the lat turned his head towaid the left side wall of the 
central alley, came to a stop, and began retiacing back to the starting 
box. As in the other varieties of hesitation iespouse, so m this one 
also the rat, after becoming inhibited, became disinhibited in the 
letuin back to the starting box, and upon traversing the central 
alley the second tune, turned to the left into the blind alley im¬ 
mediately on Choice 1, without hesitating After some practice in 
tins ictum type of lesponse, a numbei of the rats weie able to iegain 
one of the more ptimitive types of cul-shoi tening lesponses (stop- 
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ping in section 6 01 5) nftci becoming dismhibited by a ictuiii to the 
cent ml alley 

I he i espouse of swimming stiaight ahead past the choice point 
and bumping into the end of the maze also, no doubt, is the icsult of 
the inhibiting response of eul-shortening The lat swimming up the 
central alley becomes inhibited fiom going left, but lias vet learned 
no othei course, so continues bv ineitia stiaight abend into the end 
wall It is suipnsing that moic cases of this type of lesponse weie 
not piescnt Like the othei types of beliavioi following inhibition, 
crashing into the end of the maze seivcd the function of disinlnbitmg 
the response of iejecting tile blind alley So, aftei recovering front 
the bump, the lat would turn into the blind alley as if be bad not 
been pieviously inhibited Plowevei, the rat is amenable to condi¬ 
tioning against the effects of such distinction, and aftei some piacticc 
in encountenng the end wall is able to maintain the requisite posture 
foi inhibiting entrance into the blind alley, even aftei engaging in the 
inteimediate activity of the end wall encounter Soonei oi latci, 
with most animals, all such hesitation behnvioi bccumes eliminated 
at the choice point and the rat makes a clean-cut light turn on 
Choice 1, and the piohlem is completely solved A latei development 
is that of anticipating a light turn on Choice 1 by hugging the light 
side of the cential alley oi by actually turning into the light side of 
the cential alley befoie antvmg at the choice point 
In icgiession these lesponscs may be observed to shift in the oppo¬ 
site dnection 

Conclusions 

1 All of the rats soon (in from 1 to 8 trials) became ouented 
towaid the goal on both choices of the simple alternation problem 
(il), and thus developed a blind-alley lesponse on Choice 1 
2. Thcncefoith the piohlem of the lest was one of eliminating 
this blind-alley lesponse Twelve of 14 lats eliminated the tul- 
response, and hence leached the entenon of masteiv (thice con¬ 
secutive coriect tnals), in fiom 36 to 173 Inals T. he othei two 
faded to mastei the piohlem in 200 trials 

a The cul-iesponsc was eliminated by means of a lueinichv 
of cul-shoitening transition steps With 9 of the lats the cul- 
shoitcnmg piocess on one oi more tnals extended hack into 
the central alley, or to the starting box 
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I) That transition step in the cul-shortening hieiarchv 
which fell at the choice point resulted m hesitation behavioi 
The early hesitation tesponses usually ended in failure (ic, 
entrance into the blind alley). With piactice, however, the 
rats learned to succeed (inhibit enhance into the blind alley) 
after hesitating at the choice point. 

3 Modification of the stimulating situation resulted m a rever¬ 
sion of one or more steps in the hierarchy of types, with rats in all 
stages of the hicraichy 

4 Eight of 12 ints tested weie able to extend the learned two- 
choice simple alternation senes, il, to four choices, tlrl, in from 
40 pet cent to 87 pel cent of the tiials 
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CONTINUED TRAINING WITH THE OMISSION OF 
CERTAIN NEBENREIZE* 1 

Stan fan! Umvn sily 


Paul R Farnsworth 


It is d rrwittci of common obscivation that, when one learns some¬ 
thing, items idatively melev.mt to the mattci at hand may become 
tied into the pioccss Thus the pianist mav suftei umsuleiable loss 
of ability when lus piano stool is not at its accustomed height The 
student who is piohibitcd fiorn stinking his face may find it difficult 
to do his lessons Obsetvations of this xmt have led to the belief that 
one's suiroundings, the Nebenieue, aie of consuleiable impoitancc in 
leai ning situations And theic is icseaich (3, 4) which has been taken 
to indicate that at least on occasion this is true Hut the practical 
issue is that of finding the conditions undei which a theoiy will hold 
and those undei which it does not apply 

It was a consideiation of this piactical pioblem which motivated a 
pievious investigation on the pait of the present wutei (1) In that 
research he dcmonstiatcd that no ill eftect could be slumn to operate 
when college examinations weie taken in looms in which the classes 
had not been held Either the Nebenieuc hcic were unimportant or 
the examination procedmes weie too etude to show the leal effects 
Tins same piactical pioblem motivated the present experiments 

In the present study," gioups of college students weie tiained on 
the Koerth puisuit lotoU and tile Dearboin-Coovei code test 1 in the 


^Received m the Editonal Office on October 20, 1936 

'The yyntci gratefully acknowledges the financial aid of the Lam i Spcl- 
man Foundation He wishes to tliank the Messrs William Riel and Leona id 
Ferguson for their technical assistance 

'Reported in pait at the 1935 meeting of the Western Psychological Asso¬ 
ciation 

The Kocith pursuit rotor (2) sets the task of following a target placed 
in a phonogiaph turntable As employed in the present experiment the 
motor was elect! ically driven 

The modified form of the Dearborn code test used in this study included 
120 sequences of 5 place nunibeis Di J R Ooover, yvlio has been using tins 
test foi many years, so modified the original list that (o) each digit appears 
about equally often, ( b ) the digits precede and succeed e.uh olhci about 
equally often, ( c) no digit oecuis twice in anv sequence of 5, ( c!} no 
digit falls directly below itself in the columns 
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presence of a sound of appioximatelv 70 decibels of loudness 15 One 
gioup piacticcc! foi one session and the other foi two Following this, 
the control gioups met foi another session with the sound present 
while the experimental groups pioceedcd in relative silence Each 
session the subjects weie given 5 two-minute trials on the Dearborn- 
Coover alternating with 5 twenty-second trials on the Koerth For 
the thiec-da}'' gioitp, then, there weie fifteen trials and for the two- 
dav group ten Roth two and thice-dav sessions were run to tap the 
learning at diffcient stages. The dnectrons weie those traditionally 
employed foi such tests 

The subjects were college sophomoies (and a veiv few juniors) 
taken from the elementalv class in psychology wheie a requirement to 


TABLE 3 

3 Day DcARnouN-Coovm—D ata tor Last D n 


Trial 

1 

2 
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Pan ed for both 

1st and 2nd Day 
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pts N=23 (+6) 
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—3 16 

—1 56 
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±2 
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(76) 


D 

—1 05 

—1 61 

—2 87 


—4 03 


—4 37 

CR 

59 

66 

1 29 


1 62 


1 90 


Control heard sound throughout 
— = experimental group made pooier score 
N ~ Number of pairs 


D I he noise is as obtained by the use of a Duo-Art plajer piano roll which 
was perforated so as to cause a chord (c-e-g at the level of cl) to be struck 
once each second 
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seivc as a laboiatory subject foi seveial houis dining the qua iter lias 
been in force foi a numbci of years Each of the groups repoi ted on in 
Tables 1 and 2 was composed of 25 of each sex An exception was 
made in the case of the two-dav contiol gioup which was twice as 
large as any of the otheis, its data weie dcnvcd fiotn those of the first 
two da\s and included both the three-day contiol and the tlnec-dav 
experimental The designation of subjects as control or expciimcnt.il 
was done on the basis of landum selection 

An examination of the data of Tables 1 and 2 shows that the contiol 
and expci imental gioups weic of 10 uglily equal abilities duiing the 
fust session And even when the noise \\as eliminated foi the expcil- 
mental gioups then abilities weie still similai to those of the contiols 
The Kocrth and the Dealboin-Coovci data presented quite similar 
pictuies Appaientlv, then, in these situations the change in Ncben- 
reize was not important 

It should be lecalled that the two sets of subjects who fcatuicd in 
Tables 1 and 2 were not individually paiicd, they weie chosen by 


TABLE 4 

3 Diy Kocrth—Dati for Last Dav 


Trial 

1 


2 

3 



4 



5 


Paired foi both 

1st and 2nd Day 

within 

±4 

pts 

N=1S 

(30) 



D 

—10 93 


—12 53 

—9 (17 


_ 

■ 10 40 


+ 2 

40 

CR 

1 85 


1 32 

1 19 



1 20 



31 


Paired for !; 

a st 

2 trials, 2nd Day 

within 

±3 

pts 

N=35 

(70) 



D 

—6 40 


—12 37 

—10 94 


- 

-6 69 


—2 

14 

CR 

1 49 


3 40 

3 11 



1.48 



56 


Paired for 1 

last 

trial, 2nd Dav within 

±2 

pts 

N=24 

(18) 



D 

—4,00 


—5 50 

—3 25 


+ 4 00 


+ 5 

83 

CR 

1 10 


l 86 

2 11 



94 


1 

65 



2 Da a Koerth—Data for Last Day 






Paired 

fo 

r 1st Day within 

±2 pts N = 39 (78) 




D 
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+7 03 
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+ 7 69 


+ 2 

56 

CR 

77 


1 71 

93 



1 68 



52 


Paired for last 

2 trials, 1st Day 

within 

±2 

pts 

N=41 

(82) 



D 

—1 76 


+ 29 

—1 05 


- 

-1 95 


—3 

34 

CR 

53 


08 

28 



49 



80 


Paired for 

last 

trial, 1st Day within : 

±2 

pts 

N = 37 

(7+) 



D 
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+3 +3 

+ .19 


- 

-2 29 
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70 

CR 

29 


S+ 

04 



46 
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random selection. To study the efteets of individual pairing, a num¬ 
ber of systems weie employed (see Tables 3 and 4) The piesent 
watci holds no special bncf foi any one of them To pan score for 
score was quite obviously out of the question as the available popula¬ 
tion was too small To pan so that the individual matchings did not 
deviate moic than it2 points in some groups and ±4 points in 
another seemed a icasonable pioceduie, one which yielded from 15 to 
47 pans In ccitam instances, of com sc, the individual matchings 
weic pci feet 

An examination of the data of Table 3 shows only two catical latios 
whose magnitudes aie 3 oi over and these aie in the plus direction, 
i c , the expeumental group made the better scoies In Table 4 theie 
aie again only two critical ratios which aie vciy significant In the 
main, the Vtilues seem to fluctuate in a landom manner 

Resume 

Gioups of students were trained on the Kocith puisuit rotor and 
the Dcaiboin-Coovei code test foi five (oi ten) tnals in the picsence 
of a sound of about 70 decibels of loudness During the following five 
trials one-half of the subjects heaid the noise and one-half did not 
No significant noi consistent difteiences in the peifoimances of the 
two gioups appealed It would follow, then, that the change in 
Nebcnrcizc was not veiv effective although it is possible that the 
elimination of the noise might have caused an appreciable decrement 
in score had not the noise previously served as a souicc of distraction. 
That is, it is conceivable that a tiue deciease in scoic due to the 
change in Nebcnrcizc was masked by an inciease in score due to the 
elimination of a majoi souice of distiaction Be this as it may, these 
data do indicate that the elimination of piominent Nebenreize is not 
always harmful to one’s skills 
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A STUDY OF THE CORNELL-COXE PERFORMANCE 
ABILITY SCALE WITH SUPERIOR CHILDREN * 

Univnsity of Piilshtugh 


II \/,el Lincoln 


The psychological examination has become a valuable ait! in school 
administiation Piognosis of succe&s in school adjustment and analysis 
of existing maladjustments aic the woik of the school psychologist 
His basic tool lias been the standaidizcd intelligence test, either a 
group pencil and papei test or the Stanfoul-Binet test Within limits, 
these have been u c eful foi piedictive and diagnostic pui poses, but with 
changing concepts of intelligence the need has been felt foi non- 
language tests to supplement the usual language type 

Studies have shown that wide discrepancies exist between the 
pei foi mance of child ten with low intelligence quotients on non- 
language tests and then pci foi mance on language tests, discrepancies 
far beyond what we would be led to expect fiom con editions between 
these two types of tests Howevei, no leseaich has been published 
that would show us what we might expect from superior children in 
this regai d Aie thcic also wide disciepancies between the per¬ 
formance on language and non-language types of tests of superior 
children, and if so, what do thev mean' 1 

This question is of especial impoitancc in the administration of a 
piogressive school wheic the population is on the whole of supenoi 
intelligence Since stiess is laid on development of the whole pcison- 
ality of the child and on conciete expiession of ideas as well as on the 
acquisition of academic skills, piognosis of success must’ take into con- 
sidciation not only ability to succeed in school woik of the academic 
soit, but also ability to abstiact fiom expcncnces, to perceive 1 elation- 
ships, and to deal with conciete matenals, mcspcetivc of language 
ability, 

The ptoblem of this lesearch was one of dctcimining the suitability 
of the Cornell-Coxc Performance Ability Scale as a performance 
measme for the guidance of supetior childlen in a progressive school 
The study developed along two lines, (a) the companson of the scores 
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of supetior Juldien on the Coinell-Co\e Scale and on the Stanfoid- 
Binet test and (i) an attempt to deteimine the significance of the dis¬ 
ci cpancies tliat vveie found in some of the cases. 

The subjects foi this study were all childicn with Stanfoid-Binct 
intelligence quotients of 110 and above in attendance at a puvatc 
school The numbci of subjects was 55. This was appioximately 
50 per cent of the school’s population. 

The langc of the chronological ages of the pupils studied was from 
5 yea is, 6 months to 12 years, 2 months. The median age was 8 yea is, 
5 months The children wete eniolled in all giadcs m the school horn 
kindeigai ten tlnough sixth giade. Each giadc was leprescnted by 
about the same numbci of boys as gills, likewise the total study in¬ 
cluded about the same number of boys as gills 

The lange of the Stanfoid-Binct intelligence quotients of the cliil- 
dien selected foi this study was from 110 to 168 The median in¬ 
telligence quotient was 121 96 and the semi-interquartile iange 
was 7.39 

The Stanfoid-Bmct Revision is admimsteied cn this school to the 
child while in the fiist giadc or soon after he enters school The 
/0’s used in this research were obtained fiom the files and aie the 
results of tests given within the last five yeais Twenty-seven of the 
Binet tests, oi just about one-half, weie given within the last year and 
one half From time to time, as a part of the woik of the course in 
intelligence testing, the children in this school have been retested by 
students, The majority of the childicn of this study have been re¬ 
tested in this manner, and in none of the cases has any significant dif- 
feicncc in IQ been found The Binet tests used in this study were 
given bv expenenced examiners, 4+ of them bv the same peison 

The CornelI-Co\c Peiformance Ability Scale was aduimistcicd to 
55 childicn It was impossible to obtain mental ages for four of the 
subjects fiom the table of not ms given bv the authois because the tables 
do not extend fai enough The highest mental age given on the table 
m 16 yeais, 8 months, the age noim for a score of 260 on the scale 
The four subjects whose scores in terms of mental age were not ob¬ 
tainable, had weighted scoies as follows. 264, 279, 310, and 316 
Since no piovisions are given for extmpolation, it can only be noted 
that the mental ages for these paiticulnr subjects is somewhat above 
16 years, 8 months Obviously these cases cannot be included in the 
statistical treatment of the total data, and, it must be borne in mind, 
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that the statistical tesults given ate those of just 51 of the eases, the 
four cases with the highest weighted scoies being excluded. 

In order to have comp,liable scores, the Performance Intelligence 
Quotient foi each child was found by dividing the mental age found 
on the Cornell-Coxe test by his chronological age This will he re¬ 
ferred to as the P I Q in accoidance with the practice of the authors 
The range of P I Q’s (51 cases) was 90 to 165, the mean, 128 98, 
and the median, 130 16, The st.mdaid deviation was found to be 
16 90 The pioduct moment couclation between the Intelligence 
Quotients found on the Ihnet Simon test and the P I Q \ foi 51 cases 
is 378± 08 The authois (1) found a correlation of 79 Very little 
may be in fated fiom out coefficient inasmuch as the piobnble etior is 
so large 

On some cases there was gicat diveigcnce between the P I Q, and 
the Bmet IQ For convenience sake, when the P I.Q is highei than 
the Bmet IQ, the deviation is called a plus deviation, and the subjects 
showing such scoies ate called plus deviates. Wheie the Bmet IQ 
is higher, the deviation is called a minus deviation, and the subjects, 
minus deviates The lange of deviations is from a minus deviation 
of 26 points to a plus deviation of 46 points The mimbci of plus 
deviations (P I Q gteater than Binct IQ) was 31, with a mean of 
16 3 The number of minus deviations (Bmet IQ greater) was IS, 
with a mean of 9 0 

Inasmuch as the table of not ms for bovs and girls sepaiately shows 
that, on the whole, girls score lowei on tins scale than do ho vs, 
P.I Q’s were figured for each subject from the table of sepaiatc norms 
The pioduct moment coefficient coi relation between the PI Q's from 
the sepaiatc norms and the Bmet IQ's was found to he 313dtr 09. 
This coefficient was figured on 47 cases because the highest scores are 
248 for bovs and 238 for gills, both equal to a mental age of 14 ye,us, 
0 months The four scoies omitted in this calculation weie 251, 
254, 258, and 260 

The second part of this study was undertaken in an cffoit to explain 
the significance of wide discrepancies between the P I Q and Binct 
IQ of individual childien It was thought tlut these discrepancies 
might be indicative of the picscnce or absence of special abilities 
That these two tests measuie to some extent diftcient abilities is shown 
by the coefficient of alienation of the correlation between the Binet and 
the Coi nell-Coxe, found by the authors of the scale to he 607 Since 
one of the objectives of this studv was to dcteimme the suitability of 
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this scale as a clinical measwe for the guidance of supenor childien, 
it was felt that if an explanation of these discicpancies could be made, 
it would be of utmost importance 

All individuals showing deviations of moie than ten points of P.I Q 
cithci above 01 below the Binet IQ weie selected foi study This 
cntcuon of selection is aibitiaiy and includes 28 individuals, 01 about 
one-half of the oiigmnl numbei studied. Seven of these weic minus 
deviates, 21 weie plus deviates Thiee lines of inquny weic followed 
in an elfoit to determine the piesence of special abilities oi Units In 
the first place, since each test of the Corncll-Coxe mcasmes a specific 
ability, the scoie of each test was compaied with a calculated avciagc 
score. Second, Stanford Achievement Test scores were compared 
with Binct IQ's and P.I Q.’s for the group of plus deviates and for the 
group of minus deviates And thud, each child was evaluated on a 
check-list of tiaits with leferencc to the diiection of deviation 

Analysis or Separate Tests of the Corn ell-Cox l Scale 

In order to get an indication of the relationship of the scores on the 
separate tests of the Cornell-Coxe scale to the total score, an average 
weighted score was obtained by dividing the total weighted score by 
six, the numbei of tests, and compaiing each separate weighted score 
with this average score Then the peicentagc of each group (plus 
deviates and minus deviates) vaiving above and the percentage vary¬ 
ing below the average score weie computed foi each test The dif¬ 
ferences between these percentages were then compared with the 
standard errors of the differences. 

It would be well at this point to mention the specific abilities which 
each of the sepaiate tests of the scale attempts to measme The 
Manikin-Profile Test, the authois quote fiom Pintner-Paterson, pic- 
supposes on the pait of the subject an ability to read a diagram, to 
perceive the seven pieces of the profile as a head, to synthesize the 
various parts into a whole The Digit-Symbol Test aftoids a measure 
of a certain routine kind of learning ability The discussion of the 
ability measured by the Memory-foi-Desigm Test is taken from 
Teiman The authors quot'e as follows: 

Without some analysis it would hardly be possible to remem¬ 
ber the designs at all The memory span foi unrelated 

objects Is far too limited to permit us to grasp and retain that 
number of unrelated impressions Success is possible only by 
grouping the lines according to their relationships, so that 
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several of them ate given a unitaiy value and are remembered 
as one. 

The Cube-Constiuction lest is. a test of mental imagery The 
Pictuie-Complction Test measuies appeiccptions, eliminating the 
factors of training and of special ability or disability m language 
The Block-Designs Test (2) lequires 

the bieaking up of ench design presented into logical units and 
a reasoned manipulation of the blocks to reconstruct the ongmal 
design The lesults of this activity yield a fair index to this 
analytic-synthetic powci which we have termed "intelligence " 

The comparisons between the sepaiate tests and the aveiage scoics 
are given in Table 1. In oidet to clanfv this table, the following 

TABLE l 

A Comparison or rat Separate Tests on am Cornei l~Co\e, Showing the 
Percentage ot Each Group Scoring BLrrtR Than the Avi.rau 
Score, and the Percentage Scoring Lower 


Plus Deviates Minus Deviates 

r /o Highei % Lovvei Higher % Lower Dili 


Test 

than Av 

than Av 

than Av 

than Av 

Dill 

iff 

*>>>!! 

MP 

70 

30 

+3 

57 

27 

21 4 

1 26 

BD 

65 

35 

29 

71 

36 

20 0 

1 8 

D S 

5 

95 

43 

57 

38 

19 6 

1 98 

M D, 

20 

80 

29 

71 

9 

192 

47 

CC 

37 

63 

43 

57 

6 

21 9 

27 

P C 

+7 

53 

14 

86 

33 

170 

1 94 


example is given The first line of data may be interpictcd to icad 
that on the Manikin Piofile Test, 70 pci cent of the gioup of plus 
deviates made scoies highei than their calculated aveiage scoics, 30 
pci cent scored lower than then average scoies Of the minus 
deviates 43 per cent scoied higher and 57 pci cent scored lowci. The 
diffeiencc between the two groups is 27 pci cent Tile stnndaid enor 
of the difference is 21.4, and the difference divided by the standard 
enoi of the diffeience is 1 26 

From the table it may be concluded that none of the sepaiate tests 
contribute significantly more oi less to the total score in either the 
group of plus deviates or in the gioup of minus deviates, since in no 
case is the difference gieatei than three times the standard error of 
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the tliftcience Thiec of the tests show fairly significant ditteicnces 
These tests were the Block-Designs Test, tlie Digit-Symbol Test, and 
the Picture Completion Test. From this it might be concluded that 
the plus deviates do relatively bettei on the Block Designs Test than 
they do on the othet tests, and consequently that they excel in analytic- 
synthetic power The plus deviates do iclatively poorei on the Digit- 
Symbol Test, this might indicate that then othei abilities suipass 
their loutine learning ability The minus deviates do 1 datively pooler 
on the Block-Designs Test, possibly they lack analytic-synthetic power 
m comparison with then other abilities The minus deviates also 
scoied relatively lower on the Picture Completion Test, a test of ap- 
peiccptions, than they did on their other tests 

Comparison or Achievement Test Scores of the Two Groups 

The New Stanford Achievement Tests aic administered as a pait 
of the regular work in this school m giades three thiough six Scores 
aie obtainable foi 16 of our 28 cases of the second pait of oui study 
Of these, three weie minus deviates, and 13 weie plus deviates Little 
could be done statistically with these semes because the number of 
cases was small Conclations between the Stanfoid Educational 
Quotient, obtained by dividing the educational age, lead fiom the 
norms, by the chronological age, and the Bmet IQ was found by 
Spearman’s foimula for rank difference method to be .784, N —16 
Correlation between the Stanfoid Educational Quotient and P.I.Q 
was found by the same method to be 327 Examination of the data 
showed four cases in which the Educational Quotient was gieatei 
than the Bmet IQ Two of these cases were in the gioup of plus 
deviates It will he remembeied that the total number in each of 
these gioups was thiec and 13 respectively 

Analysis of the Two Groups by Means or a Chfck List or 

Traits 

Duiing the administration of the CoinclI-Coxc tests, differences in 
personality and in methods of attacking problems weie noted It was 
thought that possibly these might be of assistance in explaining the 
wide divergence between the two tests A list of these peisonality 
traits was compiled To these were added several statements con¬ 
cerning the child’s handwork, his woik in dancing and lhythms, his 
language ability, and his physical tiaits This made a list of 17 paired 
traits This list was submitted to the teacher in an tnteiview Terms 
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as they appeared on the list weie defined and explained dining the 
interview and interest elicited “Attention” and "persistence” weie 
limited to mean quality of attention .and persistence in academic work. 
The following comments weie made about thiec of the children 
“attention poor because she is slow in following the class discussion”, 
“J is persistent and attentive when genuinely interested, as m things 
involving reasoning”, “attention good as long as he is doing something 
with his hands” These three children weie checked as having pool 
attention, good attention, and poor attention, respectively The pan 
of traits designated as “impulsive-stolid” was found not to apply to 
many of the childicn, so in many of the cases, it was necessaiv to 
disiegard it The tcuchei did not know, at the time of the intcivicw, 
of the results of the Coinell-Coxc testing, and the tiaits weie not 
checked, whcie judgment was questionable 'I'able 2 shows the pei- 
centages of each gioup (plus deviates and minus deviates) that weie 
checked for each trait It shows also the differences and the standard 
ei rors of the differences 

Only one of these paired tiaits is to be found in oui two groups 
with statistically significant difference Tins pair is the one ne have 
called “attention good—attention pool.” One bundled pci cent of the 
minus deviates (Bmet IQ higher than P I Q ) weie checked as having 
good attention; whereas only 63 per cent of the plus deviates weie 
checked as having good attention The difteience heic is 17 per 
cent and the standaul error of the difference is 11 0 In one otliei 
tiait, the difference is fanly significant This tiait is the one desig¬ 
nated as “socially mature—socially immature ” Sixty-eight per cent 
of the plus deviates weie checked as socially mature , only 20 pei cent 
of the minus deuates were so checked 

It was anticipated that the two gioups would show some difference 
in language ability The authois (I) of the test sav, “If ilio 
Peifoimnncc mental age is significantly lowct, the examiner should 
consulei the possibility of special veibal ability . ” Ihmcvci, the 
two groups show veiy little difference in the two paued tiaits listed 
undei language ability, “cxpi esses ideas well—has tumble cxpiossing 
ideas” and “talks considerably—talks little ” Both of the gioups cv- 
piess their ideas well and talk considerably, rather than little Two 
explanations of the diffeienccs between om findings and those of the 
authors suggest themselves Either our check list was ton tough to 
catch special veibal ability, or possibly the child i cn of this study, 
coming from superior homes and being subjected to an extmoidmaiv 
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amount of discussion-teaching in a piogrcssive school, are all possessed 
of special verbal ability in compaiiscm with an average child 

Conclusions 

1 The P I Q's foi a gToup of supenoi cluldien aveiage higher 
than do the llinet }Q\ for the same gioup. The varinbrlitv of the 
P1 Q \ is also gieater than that of the Binct IQ's 

2 The coefficient of cori elation between the two tests with this 
gtoup of children is 378;+; .08, indicating verv little con elation. 

3 In using this test with supenoi children, theie is a danger of 
“running out at the top’ with child ten 11 years and above 

4 Deviations between the two tests semes range fiom a minus 
deviation of 26 points to a plus deviation of 46 points. The plus 
deviations average gi eater and weie more frequent than the minus 
deviations 

5 Fiom the check list, it was determined that’ a gi cater peicentagc 
of plus deviates than minus deviates were giving poor attention to 
academic woik and that a greater percentage of minus deviates give 
good attention Plus deviates may also be socially mature, and minus 
deviates, socially immature, these Jesuits, however, were not statisti¬ 
cally significant 

6 This study points to the possibility that this scale is inadequately 
standardized at the extremes, ami that fuither reseaich should be 
instituted to determine this. 
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THE MECHANICAL ABILITIES OF SIBLINGS* 

Umvci sily oj Ntbiaska 


Ellis K Frv i< 


Prlviods Work 

Sumlauty among tiaits of idatives has seldom been disputed, but 
the degiec of similanti and the causes of it have been debated Many 
investigations have been made with icspect to such tiaits as educational 
achievement, intelligence, physical incasuicmcnts, and otlieis 

Thorndike (27) tepoited lesemblanccs of siblings in the abilities 
as measured by the Institute of Educational Rcscaich Tests of Selec¬ 
tive and Relational Thinking, Generalization, and Oigamzatum as 
60 aftei collection foi attenuation Halt (8), using the Aunv Alpha, 
National, and Ihnet intelligence tests found a coil elation between 
pans of siblings of 447 McNemar (17) gave motoi tests to 46 
pairs of fiatcmal boy twins and 47 pans of identical boy twins In 
all tests, the coi relations weic highci fot identical twins than foi 
fiateinal twins Holzingei’s (11) data icgaiding intelligence agree 
with McNeiuai’s with respect to the gicatci simihmtv between 
identical than fiateinal twins Andeison (1), while not cntiielv 
convinced, infers th.it mechanical ability is in Jaige measnie an in¬ 
herited one May (18) studied deception in siblings He found all 
coi relations to be positive, the majoutv ranging fiom 20 to 40 
Staich’s (20) work dealt with the achievement of siblings in elemen¬ 
tary school subjects The lowest coiielation was 06 in wilting, the 
highest, 49 in reading Kiamei and Lauteihach (15) investigated 
similarity of quality of handwiiting between the members of sibling 
paiis Then highest con elation was 27, their lowest, 09 

The above studies have shown utlier model ate degrees of similarity 
between siblings None howcvci dealt with stnctlv mechanical tests' 

Age and Se\ DiriLRLNcrs 

Husband and Luddcn (13) concluded fiom then studi of motor 
skills among men and women that a piactic.il equality exists between 
the sexes Johnson (14) found only 12 6 pet cent of the women e\- 
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ccechng the avciage of the men in tight wire walking. He thought 
this might be due to tile fact that the women showed more fear. 
Bryan (2) ieported insignificant mean differences between boys and 
girls in precision Lehman and Witty (16) made lists of activities of 
boys and girls. The boys included 37 of mechanical and motor 
nature; the girls 16 Wells (28) found that women became more 
fatigued by tapping than men and also that they were more responsive 
to affective element’s. Young’s (30) data poitray boys slightly 
superior in pattern-seeking ability, girls in skill. Fisher (6) decided 
that pubescent factors must be at work, for girls reached their 
maximum speed at thirteen and boys at fourteen in inserting numbers 
in geometrical forms Both declined tcmpoiarily after that age. 
Whitman (29) also reported a slight decrease in rate at the age of 
fourteen. His subjects removed nuts from bolts Schultz (23) 
stated that boys were definitely superior to girls in a mechanical feed¬ 
ing machine test and that the scores increased diiectly with age. 
Perry’s (22) data give evidence of boys' superiority in responding to 
the "given” steps in geometry but of girls’ superiority in "link” 
steps Spearman (25), after reviewing a number of investigations 
concerning sex diffei cnees of a somewhat mechanical nature, con¬ 
cluded that boys are distinctly superior to girls in the reducing of 
spatial lelations, but that the evidence of this difference being really 
innate is still dubious 

Nature of Motor Abilities 

Seashore (24) has published a number of articles dealing with 
motor skills These skills consist of such units as. eye-hand coordina¬ 
tion, speed of manipulation, precision, and speed in discrimination re¬ 
actions. The average correlations among such skills was .25. Patter¬ 
son and Elliott (20) as a result of a rather comprehensive study of 
the nature of mechanical ability concluded, among other things, that 
it probably docs not involve any single factor and that it is unique 
with respect to both intelligence and motor ability. Harvey (9) in 
reviewing the work of Cox, a student of Spearman’s, has pointed out 
that Cox’s conclusion agrees with Patterson's and Elliott’s in that 
both isolated “M”, but that the latter demonstrated it to be made up of 
a number of highly specific factors while the foimei demonstiated it to 
be a single gioup factor. Muscio (19) emphasized the idea that there 
is no such thing as a "motoi type,” that motor capacities are relatively 
independent of intelligence and that from the point of view of voca- 
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tional guidance every occupation will require specific vocational tests 
in the selection of workers Farmer (4) administered what he termed 
aestheto-kinctic cooiduration tests among which he found an average 
correlation of 25 Perrin (21) seemed low positive conclations 
among a group of 17 motor tests He decided that motoi ability is 
not general but rathei definitely specialized and that a complex motor 
performance cannot be explained in terms of a number of unit motor 
functions Garficl (7) got conclations compaiable with Pei tin’s but 
attached more significance to the low positive conclations than Periin 
did Caitei (3), using the tetiad-difference method, found no gcneial 
factor of mechanical ability but rather a number of group factois 
which overlap 

The Problem of this Study 

The specific problem for consideiation in this study is to ascertain 
what relationship exists between the mechanical abilities of siblings. 
The teim ‘‘mechanical' 1 as used here pertains to the ability to discern 
relationships among objects as well as to pcrfoim musculai operations. 
The term “abilities” was used rather than “aptitudes” because the 
latter is quite generally interpreted as though hereditary traits were 
involved. The term “abilities” is quite free from such interpretation 
as well as those relating to the acquiicd traits The problem is dis¬ 
tinctly not one of accounting for any relationship that is found between 
the mechanical abilities of siblings, 

Subsidiary problems given consideration are: Are there sex differ¬ 
ences? Are there age differences? What is the nature of mechanical 
abilities'* 

In order to ascertain the relationship between siblings with respect 
to mechanical abilities, thiee tests of mechanical abilities were given 
to 200 siblings. Subjects were drawn from high schools in East 
Central Nebraska 

The following tests were given' Stcnquist Assembly Test, Series 1; 
Detroit Manual Ability Tasks, prepared by Alexander C Crockett; 
and the Wiggly block, designed by Johnson O’Connor. 

The Stenquist Test required the subject t'o assemble pioperly ten 
different articles such as, a cupboard catch, bicycle bell, push button. 
Thirty minutes are allowed for this work with a bonus for doing it in 
less time 

The Manual Ability Tasks consist of tluee parts, the first, re¬ 
quires the subject to screw nuts on bolts, three trials, each of 2 min. 
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duration, the second, requites the packing of 1 in. cubical blocks in a 
container approximately the si^e of .1 cigar box, tlucc tn.ils, each of 1 
min duration, the thud, a precision test in which the subject places 
the blocks on a nairmv board, four trials, each of 1 min duration 

Tht O’Connoi Wiggly block is composed of nine blocks, each 9 in 
long These blocks have inegular faces, but when pioperlv put 
together foim a laigc block with six plain sides The subject’s task 
is to assemble the block tinec times, as quickly as possible 

Results 

One lather simple method of deteimmmg whethei membcis of the 
same family lescmbk each othei inoie or less than any two members 
of a hetciogencous population is to count the number of tunes the 
mombeis of the same family vaiy in the same oi opposite dnection 
from the mean In the long iun, it would seem that pairs selected at 
landom would both have scoies above the mean as often as they would 
have scores below Means were calculated separately foi each age 
and sex Since 12 of the families contained thice siblings and one 
family four siblings, the total numbei of pair combinations was 
mcieased. In a few instances a subject did not take a paiticular test. 
These were due to in ter i up t tons, Table 1 shows that t'he members of 


TABLE 1 

Number or Times Members or rnr Same Famiiy Varied in the Same or 
Opposite Directions trom the Mtans of Their Respective Aoes 


Wiggly 

Block 

Bolts 

Packing 

Precision 

Stenquist 

S 

0 

S 

0 

S 

0 

S 

0 

S 

0 

58 

59 

67 

50 

79 

38 

63 

5+ 

74 

45 


sibling pairs vaued more often in the same direction fiom the mean 
than in the opposite direction in the case of every test except the 
Wiggly block Hcie there is a difference of one in the opposite 
direction. 

The sum of all pairs varying m the same direction is 351 , of those 
in the opposite direction, 246 Thus there is some indication of 
resemblance, and the computation of reliability measures is suggested 

The second method used in ascertaining the lesemblance of siblings 
was the double correlation method Each individual appears on both 
the A' and Y axis of the scatter diagram, making both the plots svm- 
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metitcal, with N equal to the number of cntnes. Where there were 
more than two siblings in a family, all combination 1 ? were entered* 
If t'heie weie three m a family, then siblings 1 and 2, I and 3, and 2 and 
3 were entered. Since the double method was used, there was a total 
of six entered for a family of three 

The single interclass method of corielation might have been used, 
providing each family of siblings had been listed alphabetically This 
would have contioiled the age factor Again, the single method might 
have been used had each family of siblings been listed according to age. 
The age factor could then have been determined by the partial cor¬ 
relation technique 

However, the interclass, double coriclation, method appears to be 
the best R A. Fishct (5, p 180) says, "the intciclass coriclation is 
not an estimate equivalent to an mterclnss correlation, but is some¬ 
what more accurate ” 

The formula, r = 1-—— was used for finding the correlation, 

2 

Tins formula facilitated the work of correlation and allowed the 
resemblance to he expressed in peicentage It is derived from the basic 
fact that correlations may be found either from products of deviations 
or from diffet ences 

The correlations obtained between the siblings in each test are given 
in Table 2 

TABLE 2 

Statistical Rcsults of Sibling Study 


(1) 

Tests 

(2) 

Pairs 

(3) 

r 


(+) 

a 

(5) 

«rd 

(6) 

ffdo 

(7) 

6-5 

(3) 

Pa o* 

7 lo 6 

WB 

Bov a 

25 

— 18 ± 

11 

2.726 

4189 

3 854 

— 334 

—8 

Girls 

26 

,12 ± 

11 

3 591 

4753 

5 078 

324 

6 

Bolts 

121 

13 ± 

05 

9.480 

12 33 + 

13 405 

1 071 

9 

Pack 

119 

52 zt 

04 

21.970 

21466 

31 066 

9 600 

31 

Prec 

120 

23 ± 

04 

19 590 

23 980 

27 700 

3 7Z0 

13 

Stenq. 

Boys 

34 

19 ± 

09 

8 000 

10 209 

11 312 

1 103 

11 

Girla 

32 

50 ± 

09 

8 570 

8,585 

12,118 

3 532 

29 


Since there was considerable indication of sex differences in the Wiggly 
block and significant sex differences in the Stenquist test the sexes were 
correlated separately. 

Column 1 contains the names of the tests Column 2 shows the 
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number of pans of siblings Column 3 gives the correlations 
Column 4 gives the standard deviations of the scores of all cases. 
Column 5 gives the standard deviations of the differences between the 
paired scoics Since the double correlation method was used, these 
differences were taken as both plus and minus. Column 6 gives what 
the sigmas of the scores would be if the pairs were selected at random 
and the resultingcoirclations weie zero Column 7 gives the difference 
between the sigma of the differences between the siblings and the sigma 
of the differences between pairs with a correlation of zcio Column 8 
shows the per cent of Column 7 to 6. 

An inspection of Table 2, Column 3, shows all positive correlations 
except in the case of the Wiggly block test foi boys. The correlations 
foi packing, piecision, and girls’ Stenquist Tests are high enough to 
be significant since each is largei than 4 times it’s probable error All 
per cents, too, in Column 8 aie positive except for the same test, 
Wiggly block for boys. It is evident that the higher the amounts are 
m these two columns, the closet the resemblance between siblings. 

The causes foi ceitain tests giving correlations too low to be signifi¬ 
cant may be due to the inferior constiuction of the tests themselves, 
errors in administering them, or to the possibility that siblings actually 
do not resemble one another in the traits measured by these tests 
Still another possibility, that no resemblance actually exists, must be 
dismissed with the statement that as far as the data of the present 
study arc concerned, no resemblances statistically significant exist 
However, all conelations, except for the boys Wiggly block, are posi¬ 
tive Even here it is positive when subjects who failed to complete the 
test were taken into consideiation 

It was not the pm pose of this investigation to ascertain why sibling 
lcsemblances do, ot do not, exist This would immediately raise the 
natuie-nurtuie controversy. It would be contentious to assert that any 
sibling resemblance was due entirely to eithei nature or nuituie in 
that the contiols for the latter wete not provided. 

The results just presented, that is, rather low positive conelations 
between siblings in mechanical tests, are in fail agreement with the 
iesuits of othei studies regarding the resemblance of siblings in certain 
achievement tests The correlations arc lower than those found in 
intelligence tests and also lower than those found where twins were 
used rather than mere siblings. 

The only conclusion that is statistically defensible, is that the score 
of one of a pair of siblings in each of the packing, precision, and girls’ 
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Stenquist tests is predictive of the score of the other one of the pair 
of siblings in the same test Since the correlations are only fair, this 
prediction is by no means infallible. 

Sex Differences 

Two methods of comparing the scores of boys with those of girls 
were used • first, the per cent of boys reaching or exceeding the median 
score of the girls; secondly, the ratio of the differences of the means to 
the sigma of the diffciences of the means. 

Table 3 shows the overlapping of the medians of the boys upon 


TABLE 3 

Per Cent of Boys Reaching or Exceeding the Median Giris’ Score on the 
Wiggly Block, Detroit Manuai, and Stenquist Tests 


Age 

Over¬ 

lapping 

Wiggly 

Block 

F % 

Detroit 

Bolts 

F % 

Manual 

Packing 

F % 

Ability 
Precision 
F % 

Stenquist 
T Score 
F c /o 

14 

B - G 

6 

43 

9 

64 

2 

14 

8 

57 

13 

93 

15 

B - G 

14 

72 

14 

72 

9 

50 

8 

44 

15 

S3 

16 

B - G 

13 

68 

14 

74 

15 

79 

S 

42 

17 

89 

17 

B - G 

11 

61 

11 

61 

2 

11 

6 

33 

15 

82 

18 

B - G 

11 

92 

5 

42 

4 

33 

5 

42 

12 

100 

19 

B - G 

8 

67 

8 

67 

5 

42 

6 

50 

8 

75 


those of the girls Fifty pei cent indicates equality between the sexes, 
while any pei cent higher than that shows supenority of the boys, 
The F columns show the numbci of boys who equalled or excelled the 
girls for each of the ages fourteen to nineteen respectively All per 
cents except for the fourtccn- 3 'eai-olds wcie in favor of the boys on the 
Wiggly block, for bolts, the same condition existed save for eighteen- 
year-olds, for packing, fifteen-year-old boys equalled the recoid of 
guls, but only sixteen-ycar-old boys exceeded tire gills’ recoid { for 
precision, fourteen-yeai-old boys exceeded and nineteen-year-old boys 
equalled the gills, the boys exceeded the gills at all ages on the 
Stenquist test 

A moie accurate method of showing the differences between the 
sexes is that of finding the critical ratio of the differences of the means. 
In order that critical ratios be significant they must be at least as high 
as three The only test in which this situation existed was with respect 
to the Stenquist test In this test the critical ratios were higher than 
thiee at all ages except nineteen All favored the hoys. 
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Boys showed some tendency to e\cel in the Wiggly block and bolt 
tests, the girls m the packing and piecision tests Many would agree 
that boys had had more experience in the tests in which they excelled 
The tendency for girls to excel in packing and piecision seems to 
justify the rather common practice of employing gills in industries 
where speed and precision aie at a piemium 

Age Differences 

Ciitical ratios were also found between the differences of the means 
of subjects of successive ages. In no case was a critical 1 atio significant 
However the data show a tendency foi the subjects to reach their 
highest efficiency at ages seventeen and eighteen with a slight falling 
off at nineteen The onlv exceptions aie foi mncteen-ve.u-old gnls 
in the Wigglv block and sixteen-veai-old bovs m packing 
The langcs of scores for the mechanical tests aie given in Table 4 


TABLE 4 

RANGUS OF SCOR.1 S TOR MECHANICAL TbSIs 


Test 

Highest 

Score 

Lowest 

Score 

Range 

Highest Store 
divided by 
Lowest Score 

•Wiggly Block 

1 09 

15 89 

14 80 

1+ 6 

Bolt 

87 

27 

60 

3 2 

Packing 

213 

71 

142 

3 0 

Precision 

173 

41 

132 

42 

Stenqmst (R S ) 

110 

35 

75 

3 1 


•Eighteen students failed to complete the test within the time limits, so 
exact data are not available Scores are expressed in work units so that 
the lowest score repiesents the best peiformnnce 


The above data show that the best performance in each test is a 
little more than three times that of the poorest, except for the Wiggly 
block vheie it is appioximately fourteen times the pooicst 

The Nature or Mechanical Ability 

Much has been wiitten concerning the nature of mechanical ability 
Is one justified in speaking of a geneial mechanical ability or are there 
many unitary traits that constitute this ability ? Corielafions among 
the mechanical tests suggest an answei to tins question Such correla¬ 
tions are presented in Table 5 

All correlations between Wiggly block and other tests are negative 
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TABLE 5 


Correlations betwlln Mlchanicm Aduitv Tests Scoris kjr Giris 



Age 

W B 

Bolts 

Pack 

Preci¬ 

sion 

Stcn- 

IJUISt 

Age 


— 26 

18 

— 01 

13 

07 

WB 



— 17 

— 17 

— 35 

— 52 

Holts 




54 

49 

58 

Pack 





47 

30 

Prec 






42 


However, they must be intupieted as positive since the seme is m 
units of time foi the Wiggly block, but m wmk units for all other 
test's 

The fiist line shows, the corielntions between age ami each test 
The highest correlation is between age ami Wiggly block The lowest 
is between age and pricking. All these arc so low that they have 
little or no significance This fact was also shewn m a previous sec¬ 
tion by means of critical ratios 

The second line shows low couelations between Wigglv block and 
bolts and between Wiggly block and packing. Since ability to per¬ 
ceive lelationships is essential in the Wigglv block and speed is essential 
in the other two tests, one would not expect close agi cement Speed 
is not the only important element in the precision test, hut no good 
reason is apparent foi the higher con elation, —35, between this tesr 
and the Wiggly block, The fan con elation of — 52 between Wiggly 
block and the Stenquist test might paitially be accounted foi in that 
both requne consideiablc ability to see relationships 

Line three shows the correlations betuceii bolts and packing, pre¬ 
cision, and Stenquist respectively The common element of speed, as 
well as manipulation has alicady been mentioned in lcspcct to the bolt 
and packing tests Here a fair coi relation, 54, is found Bolts and 
piecision show a con elation of 49 Some ptcusiori is also required 
for the bolt test; both require manipulation and speed A fair correla¬ 
tion, 58, between bolts and the Stenquist test might possibly be ac¬ 
counted for since each deals with objects quite sinulai in nature 

In the fourth line, packing and piecision, both lequirmg speed and 
manipulation of the same objects, give a correlation of 47 Between 
packing and Stenquist the correlation is 30 Heic there is manipula¬ 
tion of different objects, speed being stressed m the first test, relation¬ 
ship in the second. 
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In the fifth line, a fan correlation is found between precision and 
Stenquist. Some precision is required for the latter test 

Rathei low correlations, yet all positive with one exception, have 
been shown to exist 3 among the mechanical ability scores of boys, 
Practically the same results may be discerned in an examination of 
Table 6 which presents the lesults foi tile girls, 

TABLE 6 


CoRRClAflONS BETWEEN MFCHANICAL ABILITY TESTS SCORES TOR GlRLS 



Age 

WB. 

Bolts 

Pack 

Preci¬ 

sion 

Stem 

qiiiat 

Age 


— 10 

34- 

19 

.2+ 

22 

WB 



— 18 

— 17 

-— 24- 

—.13 

Bolts 




.37 

37 

,20 

Pack. 





.25 

09 

Prec 






12 


All correlations between Wiggly block and other tests are minus, hut 
must be inteipieted as plus for the same reason as given above for the 
boys. 

Line 1 shows age as being of little or no significance. 

Line 2 shows very much the same correlation between Wiggly block 
and other tests, with the exception of Stenquist, as was true of the 
boys. Heie the conelation foi the gnls is •—,13 while foi the boys it 
is —.52. The girls' scores in the latter tests were much lower than 
the boys, but they were consistently lower so that this offers Little 
explanation for the difference in correlation. 

Line 3 shows results somewhat lower than those of the boys. This 
is especially tiue in regard to the Stenquist test, a situation which was 
also evident in the previous line 

Lines 4 and 5 continue to show the same tendency toward lower 
correlations for guls than for boys. 

These low conelations may be due either to the organization and 
administration of the tests themselves, oi to the nature of the traits 
tested. 

As to the administration of the tests, the writer can merely assert 
that the utmost care was taken in following the directions for each 
test given, while concerning the organization and content of the tests, 
nothing was done save to utilize those tests whose authors are of 
recognized standing. 

The other possible explanation, that of the low correlations being 
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due to the nature of the traits tested, appears to be the most acceptable 
Hull (12, p 213) says, 

Summarizing the evidence as to the relations among motor 
activities, we may say that as a rule they correlate very low with 
each other, but they occasionally show rather high correlations 
This is likely to be the case when the apparent similarity between 
the two activities is very marked These facts seem effectually 
to preclude belief in a two-level theory of aptitudes made up of 
complex intellectual and simple motor abilities 

Possible Presence of a General Factor 

The fact that the coi relations aie positive, even though low, is not 
easily dismissed from one’s mind The question arises whether this 
slight agreement between pairs of tests might not be due to the 
existence of a general factor 

The best method of determining whether a general factor is present 
is the tetiad diffeience method. This method was used for the inter- 
coi relations of the bovs’ as well as the girls' tests 

The tests and the intercorrelations were as follows’ 



Boys 




Girls 




2 3 

4 

5 


2 3 

4 

5 

1 

17 17 

35 

52 

1. 

.18 .17 

24 

.13 

2 

54 

49 

53 

2 

37 

.37 

20 

3 


47 

30 

3 


25 

09 

4 



42 

4 



12 


1 Wiggly block 4 Precision 

2, Bolts S, Stenquist 


3 Packing 

Holzinger’s (10) fotmula was used■ 


*1231 = *12 ? 31 - *13 *21 - 0 

Here * 12 ai is the pioduct of ?i 2 (first two subscripts) and 131 (second 
two subsetlpts) minus the pioduct of ?is (first and third subscripts) 
and 1 2 1 (second and fourth subscripts) 

The probable error fotmula for ri 2 3 i is 
2222 

*12 + *13 + *"21 + '31— 2 ( r 13 r H *23 + 

fl2 *41 *21 "T* 13 * XI **31 4* r 2l 
^ 34 ) 4" 4 * 12 * 13 *24 **3i | Vi 

The probable error foimulae for all of the tctiads were taken 
dncctly from Plolzinger (10). 


6745_( 
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The tctiads, with then probable euois, are given rn Table 7 

TABLE 7 


Tl.tr.ads and Probabi r Errors or Mechanical Tests 


Tetrads 

Boys 


Girls 



1 

o 

o 


0271 

— 0179 


02+6 


— 1091 

± 

0+00 

— 0+38 

± 

0173 


—.1057 

± 

0+13 

— 0259 

±L 

0333 


—.0476 


0250 

— 0178 


0168 


— 2298 

±: 

0+20 

— 0319 


0260 

tnsi 

— 1822 

H; 

0567 

— 01+0 


0286 

fizis 

— 1316 


0287 

— 026+ 

■±_ 

0198 

tn-ii 

— 183+ 


0338 

— 0265 


025+ 

tllS2 

— 0518 

zt 

OS+9 

— 0001 


0300 

tlSIi 

— 0336 

zt 

0181 

— 0012 


0183 

tl3*\ 

— 1730 


0+32 

— 0121 

zt 

0200 

full 

— 139+ 

z±z 

0+5+ 

— 0109 


022+ 

f/313 

— 0798 

-±_ 

0258 

— 0111 

zt 

0300 

tl 35, 

— 0+58 ± 

0+82 

— 0056 


0268 

t 7,33 

— 1256 

ztz 

0351 

— 0167 

Zjr 

0261 


An inspection of the tetrads for boys in Table 7 reveals that alL 
othei tetiads than/ 1231 ,/i 23 c, bine, ^igtn, and r 2 s 5 i aie Iaigei than 
twice then probable euois Thus ten out of fifteen tetiads do not 
equal zero, consequently, the conditions nccessaiy for pioving the 
T-Factor Theory are not present 

In the case of the girls, the propei conditions are piesent in all 
tetrads except 

Conclusions 

The purposes of this investigation were fust, to ascertain if siblings 
resemble each othei in mechanical abilities, second, to determine the 
extent of sex, age, and individual differences in mechanical abilities, 
thud, to attempt to discovet the nature of mechanical abilities 
Three mechanical ability tests weie given to 200 siblings of high- 
school age 

The conclusions to be drawn from this investigation are 
1. Using the method of variance from the mean, sibling resemblance 
was present in all tests except the Wiggly block 

2 Positive correlations were found between siblings in all tests 
except the boys’ Wiggly block test Even here, they were positive 
when the boys who did not complete the test were included In the 
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case of thiee tests (the gills’ and boys’ scores were correlated 
separately) were the coefficients high enough to he significant 

3 When the method of asccitaming the per cent of one sex that 
excels the othei was used, boys were supeuor m the Wiggly block, bolt, 
and Stcnquist Tests, girls wcie supeuoi in piecision and packing. 

4 The Ciitical Ratios between boys' and girls’ semes wcie 
significant onl\ in the Stcnquist Test Here the boys wcic definitely 
supcrioi 

5 No significant diftciences were found between any successive 
ages in any tests Giaphs of mean secies at each age showed stiong 
tendencies foi both boys and girls to leach their highest efficiency at 
ages seventeen and eighteen, 

6 Ranges between highest and lowest scores in the mechanical 
tests weic approximately thiee foi all texts except the Wiggly block, 
hcic it was fouitecn 

7 Negligible to fan conelations were found among the mechanical 
tests. 

8 In fouitecn out of fifteen tetrads for gills, conditions verc 
piescnt which would substantiate the Two-Factor Theory; in only 
five out of fifteen tetiads were these conditions tine foi boys 
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THE EFFECT OF FUNCTIONAL PERIODICITY ON THE 
LEARNING PROCESS* 

The Mills School foi Kutdci gai frn-Pi unary leaches s 


Orpha Maust Lougii 


More than three years of the most active part of a woman's life 
is involved in the destmctive phase of the menstrual cycle On 
a minimum basis of three days for each catamenial period, these 
physiological changes which occur thirteen times yearly, take place 
during a total of thirty-nine days, 01 twelve per cent, of eacli veai 
for approximately half of the life span of the avciagc woman, thus 
making a total of moie than eleven hundred days, or, on the basis 
of eight hours to the day, appioximately, nine thousand working 
days, 

The study of the effects, both mental and physical, of functional 
periodicity is of greatest importance Now when women are com¬ 
peting more and more with men on a high level of intellectual effi¬ 
ciency, the effect of functional periodicity upon mental ability is a 
matter not only of educational importance but also of widcspicad 
sociological and economic significance. 

Although many superstitions have arisen, and though some writers 
have philosophized upon the mental effects of the gynaecological 
periods, little or no accurate scientific information has been obtained 
regai ding the psychological aspects of menstruation in an adequate 
sampling of women of approximately the same age and occupation. 

Numerous studies have been made on the physiological aspects of 
menstiuation but the psychological effect of woman’s physiological 
rhythm has been given but scant consideration. The studies which 
have been made by Hollmgworth, Eagleson, Seward, and Sowton 
and Mveis, indicate for the most part that there is no reason to 
believe that functional periodicity effects considerably or constantly 
the quality or quantity of woman’s woik. Ordinarily, menstruation 
has no noticeable effect on working capacity among normal, healthv 
women, .although there aie individual differences and some women 

•Received in the Editorial Office on November 12, 1936 
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find an appieciable lowciing of efficiency during catamenial periods 
Ccitmn ciiticisms might be made of these studies In scveial of the 
investigations, the lesults wcie based on a mcagei numbei of sub¬ 
jects who repiesentcd a wide range of ages and were, theieforc, not 
strictly coiupaiablc The gioups studied wcie highly selected In 
some instances the conclusions were based on inadequate data, showed 
superficial and inadequate statistical tieatment of data, 01 used poor 
techniques In two studies, men weie used as controls The non- 
mcnstiual period was compared with the menstrual period, whereas 
each phase of the cycle lcqunes sepaiate analysis and companson with 
each of the othei phases The fluctuations which aie found in all 
learning evuves were not given sufficient consideration In some 
of the expciunents the subjects weie acquainted with the nature of 
the investigation and thus opened the results to the influence of sug¬ 
gestion While all of these criticisms do not apply to any one study, 
they aic, nevertheless, indicative of the pioneer chaiacter of the 
work Howevci, each of these studies must be iecogni'zed for its 
contribution to the uinlcistanding of the nature of functional pen- 
odicity 

This investigation was inspned by the gxeat need of accurate, 
scientific infoimation legauling the psychological effects of woman’s 
fundamental physiological rhythm The subjects in this study were 
96 unman led women students enrolled m the fust three years of 
a college 1 curnculum Their ages langed from sixteen years, eleven 
months, to twenty-five years, thiee months The total number of 
subjects and the small lange of ages would indicate that they con¬ 
stituted an adequate random sampling of women students in the fiist 
three veais of college The subjects came fiom families of approxi¬ 
mately the same social and economic status 

Each subject piovided hei own contiol in as much as each of 
the foiu phases of her menstiual cycle wa c compaied with the other 
three phases of her cycle. Fiom the conelations established by these 
comparisons, it was possible to deteimme the effect of each phase 
upon the learning process 

The learning test was admimsteied every consecutive school day 
for a total of 32 days to 65 students, and for a total of 40 days to 


'Students at the Ilnrriette Melissa Mills Training School for Kinder¬ 
garten and Primary Teachers, 66 Fifth Avenue, New YoiK, N Y 
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31 students The learning test was the digit-sjmbol tvpe and in¬ 
volved the solving of simple standaidized equations taken from the 
Clapp Numbei Combination Test, Test I These equations were 
expressed in non-ant lime t leal symbols, according to the code supplied 
at the top of each test form. The daily five-minute testing peuod 
avoided fatigue effects and functioned in maintaining sustained in¬ 
terest and attention The quantitative data weic delimited to the 
scoies on the five foims of the five-minute learning test, Foi ms A and 
B of the Henmon-'N el son Test of Mental Ability, and the That stone 
Pei sonahty Schedule , Clai k Revision. Foim B of the Henmon-Nel¬ 
son Test of Mental Ability was given dunng menstruation and Point 
A between the catamenial penods 

Regularity of functional penodicity, pain dunng menstination, 
habits of elimination, and habits of wony as given fiom memory by 
each subject on the fiist day of the cxpeiiment, togethei with the 
attributes of emotional disturbance, pain, and wony lccorded daily 
by each subject during the entnc experiment, constituted the quali¬ 
tative data 

The problem was picsented as only an expenment in learning, an 
expenment that would enable each subject to dcteimine the way in 
which she herself learned This technique served to keep the sub¬ 
jects naive as to the tiue nature of the researcli and to minimize the 
traditional or psychological effects of menstination On the fiist 
day of the expeiiment each subject was given a sheet of graph papci 
on which she was instructed how to keep hei own iccoid of the total 
number of equations she completed each dav In this wav, each 
subject was motivated by competition with her own past lecord 

Daily records 2 weic kept for each subject, (a) the total numbci 
of equations completed, (Z>) the numbei of equations coiiectlv com¬ 
pleted, (t) the number of equations inconectly completed Fiom 
these lecoids was plotted the learning cuivc foi each subject. Ex¬ 
amination of these parabolic cuives indicated that (a) theie was 
learning (lncicmcntal change resulting fiom piacticc and its at¬ 
tendant conditions) , ( b ) the learning tests were valid , (t) foi each 
subject theie weie daily fluctuations in speed and acunacy of learn¬ 
ing, (d) the speed and accuracy of learning varied widely from 
subject to subject Foi many of the subjects there appeared to be 

s The data of this icseaich are filed in the library of the School of Edu¬ 
cation, New York University 
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a ihythm in pcifoimancc, but the cause, whether innate, accidental, 
due to the day of the week, mental set, the menstrual cycle, or other 
variables, was not clcaily indicated by inspection 
The raw scoies obtained on the daily learning tests were con¬ 
verted into T-scorcs (a valuation of the sigma score or z-scoie) m 
older to make them comparable fiom day to day during the entiie 
experiment The T-scorcs resolved the data of raw scoies into an 
extiemely flexible and usable foim They made possible the com¬ 
parison of the lccords of each subject, duimg the four phases of her 
menstmal cycle, with the iccords of othei subjects during their 
menstrual cycles, although the actual experimental days on which 
each of these phases fell might be widely separated 
The T-scorcs on the learning tests weic grouped according to the 
days on which the physiological changes take place in the cycle m 
order to compare the subject’s mental efficiency duiing the different 
phases of functional peiiodicity Physiologists who have studied 
the physiological changes taking place during the menstrual cycle, 
have established four distinct phases (A) the menstrual phase winch 
the destructive stage, (B) the premenstrual phase, (C) the post- 
mcnstmal phase; ( D) the inteimenstrual phase Correlations weic 
computed between the aveiage T-scores for the equations correctly 
completed 8 and for equations mcoirectly completed on the learning 
lest for each of these four phases, Forms A and B of the Henmon- 
Nelson Test of Mental Ability, and the Thuistone Personality 
Schedule, Clark Revision, as shown in Table 1 and Table 2 
Fiom Table 1 it is apparent that the correlations between the 
average T-scorcs of the equations coriectlv completed duiing each 
of the four phases of the menstiual cycle weie very high, ranging 
from 9+± 007 to .97±.005 In Table 2 the conelations between 
the average T-scoies of equations incoircctly completed were high, 
langing from 71 ±.033 to 79+.026, but wcie not as high as fot 
the equations correctly completed. This difference in the relation¬ 
ships was ptobably due to the fact that ordinallly the numbci of 
equations incorrectly completed was very small, when a few of the 

a Hcreaftcr, the scores on equations correctlj completed (right) arc des¬ 
ignated A, menstiual phase, B, picmenstrual phase, C, postmenstrua 1 phase, 
D, intermenatrual phase The scores on equations incorrectly completed 
(wrong) are designated n, menstrual phase, b, premenstrual phase, c, 
poslmensirual phase, d, lntermenstrunl phase 
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subjects made a huge number of eriors, the means and the standaiil 
deviations (consequently, the T-scoies) were gieatly affected Theie 
were no statistically ldiable differences between the average T-scoies 
on the learning test for any one phase of the menstiuai cycle and any 
other one of the phases of the physiological cycle, eithei foi equations 
conectlv completed or foi equations mcouectly completed 

There weie no statistically tellable difteiences between the Forms 
A and B of the Henmon-Nelson Test of Mental Ability and the 
aveiagc T-scores on the learning tests dunng each of the four phases 
of the mcnsttual cycle The cutical jatios between Form A of the 
Henmon-Nelson Test given between menstrual penods, and Form 
B given duimg mcnstiuation, wexe not significant statistically Like¬ 
wise theie were no statistically ldiable (1 iffeicnees between learning 
in the foui phases of the menstiuai cycle and neurotic tendencies as 
measmeil by the Tliuistone Feisonality Schedule, Claik Revision. 
Neurotic tendencies as indicated by this test appeal to beai only a 
slight negative or a chance relationship to the learning test used 
in this experiment 

Analysis was also made of the scotes on the following specific 
days of the menstiuai cycle’ (/il) the fust day of menstruation, 
(A2 ) the second day of mcnstiuation, (54) the last day of the pre¬ 
menstrual phase, (Cl) the first dav of the postmcnstrual phase, 
(D2) the day midway between menstrual penods Correlations 
were computed between the foiegoing valuables, Forms A and B of 
the Henmon-Nelson Test of Mental Ability, and the Thurstone 
Personality Schedule, Claik Revision, foi equations concctly com¬ 
pleted, as given in Table 3, and foi equations incoricctly completed, 
as given in Table 4 

Fiom Table 3 it is appaient that the correlations foi the T-scores 
of equations coriectly completed on the specific days of the menstrual 
cycle were high, langmg from 84± 022 to 93rt011, but v.med 
moie widely and vvcie not as high as foi the avciage T-scoies of 
each of the phases (Table 1) The coefficients of correlation be¬ 
tween the T-scoies on the specific days of the menstiuai cycle and 
the two forms of the Henmon-Nelson Test of Mental Ability vcic 
eithei slightly negative oi approximately ieio, which was also tiue 
for the Thurstone Pcisonahty Schedule Theie weie no statisti¬ 
cally reliable differences between intelligence and neuiotic tendencies 
(as mcasuicd by these tests) and the T-scoies ot equations coriectly 
or incoricctly completed on specific da 5 ’s of the menstrual cycle. 
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As given in Table 4, the conditions foi the T-suiies of equa¬ 
tions incorrectly completed on specific days of the men-.tiun] cycle 
mnged fiom 41± 064 to 76±.036 The coefficients of condi¬ 
tion fox equations incoiiectiv completed on vatioti*. spculic (lavs of 
the meiistiual cycle vaued much more -widely than foi equations 
concctly completed (Table 3) The means and standard deviations 
of the T-scoies for the specific days of the menstiu.il cycle and foi 
the average T-scoies of the four phases of the menstrual cycle are 
given in Table 5 


TABLE 5 

Mlans and Standard Deviations or /’-ScoRrs, Cokrlct and Incokrfct 
Equations, on First and Second Days oi Menstruation (A 1, A2), 
Lasi Dae or Prtmlnsirual Piiasi (/iI), First I)a\ nr Post- 
menstrual Pii'isr (Cl), Mid-Day iNrrRMPNsrauAi Pit asp 
(D2), AND AVLRAGP T-ScORP IN EACH OT Tlir 

Four Piiasps 




<v 

Coireet 

Mean 

equations 
Stand Dev 

Incorrect equations 
Mean Stand Dev 

Ave A 


96 

49 88 

9 59 

48 95 

6 62 

Ave D 


96 

49 52 

9 96 

50 17 

7 92 

Ave C 


96 

501+ 

9+6 

+2 23 

7+8 

Ave D 


96 

49 07 

9 33 

50,32 

8 44 

Al 


88 

49 67 

10 95 

+S 93 

10 67 

A2 


109 

49,12 

10 46 

45 73 

8 90 

-B4 


117 

48 75 

9,79 

50 33 

931 

Cl 


107 

50 39 

9 09 

49 06 

9.49 

D 2 


121 

49 15 

10 71 

+9 31 

1131 



Reliability of differences between 

means 






Difference 


Incoricct equations 

r E ul[f of means 

Cntical ratio 


fl4 

and A 2 

82 

+ 60 


5 63 


Al 

and A 2 

96 

3 20 


3 34 


m 

and A2 

1 03 

3 58 


3 +7 


The cntical latio between the means of the T-scoics on equations 
incorrectly completed on the day picceding menstruation (i4) and 
the second day of menstiuation (<?2) is 5 63 and is, theiefore, a 
statistically reliable difference. However, this is the only statisti¬ 
cally reliable difference between the means In Table 6 is sum¬ 
marized the piobable criors of the diffeiences of the means and of 
the coefficients of conelation, together with the critical ratios Table 
6 is based on the data given in Tables 3 and 4 
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TABLE 6 

I'm Prohaoh Errors or Dii i erencls 


(Based on Tables 3 and 4) 


Probable eiroi 
of difference 



Cntical 

ratio 

Piobable erioi 
of diffeicnce 



Ci itical 
ratio 

P E Mb! MaS 

— 

S17 

5 6 

I>E ini cl rnl (12 

= 

073 

3 1 

P E, Slnl Mri2 

— 

958 

3 3 

^ E rn2 bl m2 nl 

— 

070 

3 8 

P E M(I2 MnS 

= 

I 032 

3 5 

p E m 2 cl-ia 2 nl 

= 

.071 

3 8 

P E rAl A2-r Al Bl 

= 

029 

1 4 

P E m2 <12 m2 nl 


068 

3 7 

P E rAl t!l-i Al A 2 

= 

021 

23 

P E il)l n2-rM nl 

= 

061 

3 0 

P E rAl 01 rAl B1 

= 

025 

3 5 

F E m2 bl lbl tl 


073 

48 

P E iAl 1)2 iAl 111 

= 

028 

I 5 

il)l nl ibi (12 


053 

3 3 

P E rAl Cl-i Al D2 

= 

020 

24 

E rbl r.l rbl cl 

= 

082 

2 0 

P E rA2 Cl-rA2 HI 


026 

8 

P E itl nl Kl bl 

= 

075 

48 

P,E rill Cl rBl Al 

— 

027 

2 1 

P E ml n2 Kl nl 

= 

060 

1 2 

P E ’rAl Cl i01 D2 

— 

020 

3 3 

P E id nl-icl b-i 


080 

3 5 

P E rA2 IIA rA2 nil 

i 

0S2 

32 

p K iel nl icl 

= 

069 

27 

P ’ E icl n2 rel (12 

= 

061 

4 1 

P E nl 2 n2 i <12 nl 

= 

063 

43 





P E k 12 n2 rd2 el 

= 

057 

4 1 


From Table 6 it is evident that theie ai e statistically reliable 
difteiences between the corielations of the T-scoies on specific davs 
of the menstiual cycle A cntical examination of the statistically 
reliable critical latios of the piobable euois of the differences of 
the coirelations of equations inconcctly completed, indicates that 
in the five cntical ratios of 4 00 oi moic, and in the two critical 
ratios of 3 8, the constantly reemnng variable is «2, the T-scores 
of the equations inconectly completed on the second day of men¬ 
struation. On the second day of menstiuation the desti active pi a 
cesses are at their height In as much as the mean of the T-scores 
on the second day of mensttnation is lower than foi any other of the 
specific days of the menstiual cycle oi foi the aveiage T-scorc of any 
phase of the menstrual cycle (Table 5), on this day accuiacy is 
increased 

Regularity of menstiuation, pain duimg the catamenial periods, 
worry and elimination have been held as factors influencing mental 
efficiency dunng functional peiiodicity. Theiefoie, a caieful analysis 
was made of the relationships between physiological periodicity and 
these qualitative variables On the fast day of the expciiment ie- 
membered mfoimation was seemed fiorn each subject on these attn- 
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butes and the contingency coefficients computed, The coefficients of 
contingency weie so small, ranging fiom 04 to 30, that these attri¬ 
butes given from mcmoiy appear to have little significance 

From each subject was also obtained a daily lccoid of the piesence 
oi absence of emotional distmbance, pain, and worn The con¬ 
tingency coefficients foi these attnbutcs weic computed foi the specific 
days of tire mcnstiual cycle and aic given in Table 7 

TABLE 7 

Contingency Coefficients' nnvvriN Emoiionai Disturbance, Pain, 
Worry, on First and Second Days oi MFNsmuArioN (-/l, A2), Last 
Day or Premlnstruai Phase (7#4), Firsi Day oi Ptisr- 

MENSTRUAT PHASE (Cl), MiD-Da> or INTERMLNSTRUAI 

Phase (D2) 


Day 

Emotion 

Pain 

Emotion 

Worry 

Pain 

Worry 

Al 

08 

65 

01 

A2 

18 

33 

78 

fl+ 

85 

16 

,23 

Cl 

03 

39 

42 

D 2 

85 

.80 

15 


•Corrected for bioad grouping 

Tlie i elationships between the attnbutcs of pain, worry, and 
emotional distuibance vaned widely on ceitain specific days in the 
cycle and appeal to be related to physiological peiiodicity The high 
relationship between pain and wouy on the second day of the cata¬ 
menial period, when destruction of tissues is at its height, appears to 
be a factor influencing the statistically significant difference in equa¬ 
tions incorrectly completed on the second dav of menstiuation 

The biscual i's weic computed between the T-scoies on the learn¬ 
ing tests and presence or absence of the qualitative variables, emo¬ 
tional disturbance, pain, and wouj, on specific days of the menstrual 
cycle, and aie given in Table 8 

Fiom the bisenal i’s there appeals to be little relationship between 
the number of equations conectlv completed oi incorrectly completed 
and the qualitative vaiiablcs of worry, pain, and emotional dis¬ 
turbance, except for a slight relationship between the presence of pain 
and equations mcoriectly completed on the fiist day of mensti uation 
This intensive research on the effect of woman’s physiological 
rhythm on mental efficiency as shown bv the learning process, ha-» 
resulted in ceitain significant findings The usual supposition of 
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TABLE 8 

Bisirial j’s nenvccN Correci and Incorrect Equations and Emotion\l 
Dis rumiANCE, Pain, Worry, on First and Second Days of Men¬ 
struation, Last Day of Premenstrual Phase, First 
Day or Post menstrua! Phase, Mid-Day or 
Interm 1 nstrual Phase 


Day 

Comet equations 
Emotional 

Dist Pam 

Wony 

Day 

Incorrect 

Emotional 

Dist 

equations 

Pain 

Worry 

A\ 

— 12 

17 

13 

«1 

— 16 

— 35 

09 

A2 

04 

07 

16 

a2 

— 12 

00 

09 


01 

— 14 

19 

bY 

— 03 

22 

01 

Cl 

— 05 

— 11 

20 

cl 

27 

12 

07 

D 2 

— 02 

— OS 

07 

ill 

— 32 

30 

02 


relative mcompctency and inefficiency during functional periodicity 
is not suppoitcd by this study. Mental efficiency as indicated by the 
learning piacess is not loweied during any of the phases of the mcn- 
stiual cycle Othei things being equal, functional periodicity should 
be no obstacle to women's success in business or in piofcssional woik 
which involves principally mental activities It should be noted that 
this mamtainance of efficiency relates to mental activity in the group 
as a whole, and does not refer to motor activity oi efficiency in 
women suffering fiom abnormal gynaecological conditions 

In young women of this age and occupation, the physiological 
changes occuiring during the menstrual cycle appeal to have only 
slight or chance relationship with neurotic tendencies as measured 
by the Thurstonc Peisonality Schedule, Claik Revision The neuro¬ 
tic tendencies measured by this test seem to have little oi no effect 
upon mental efficiency as shown by the learning ptocess The scoies 
on mental tests taken by women subjects during the destructive 
stage of the menstiual cycle, will probably not be significantly 
affected as woman’s physiological rhythm has no statistically reliable 
effect upon intelligence as mcasuied by such a standardized test as 
the Hcmnon-Nelson Test of Mental Ability The inclination to 
mental effort may be reduced by the physiological changes occuiung 
during the first days of menstruation, but mental efficiency is not 
affected. A similar tendency has been found in studies of fatigue. 

Accuracy vaues dunng the different phases of the menstiual cycle 
although mental activities which requne only speed aie not affected 
by functional periodicity. The fluctuation m accuracy is outstanding 
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on the second day of the catamenial pencil On this day the destruc¬ 
tive stage of the physiological piocess is at its maximum, theie is a 
high lclationship between pain and woirv, and theie is an actual 
decieasc in the number of criors It seems reasonable to assume 
that the laigc variation in accuracy mnv be cithci the direct result 
of the physiological changes 01 may be due to compensation for the 
distinctions of pain and woirv which, in turn, may be induced bv 
the physiological changes. In this study, the competition of the 
subjects with then own past records, and with othei subjects, m.w 
have supplied the motivation foi increased cffoit lesulting in com¬ 
pensation 

Eveiy woman should be cognizant of the fact that the physiological 
changes on the second day of mcnstiuation tend to pioducc a depres¬ 
sive attitude which, in turn, tends to result in woriv Thus the 
physiological changes condition the subjective attitudes toward ob¬ 
jective stimuli Similaily, the physiological changes pioduced by 
ceitam drugs, such as opium and alcohol, by certain diseases, for 
example, aciomegaly and diabetes, and by fatigue, likewise have a 
direct influence on emotional attitudes 

The gynaecological changes on the second day of menstruation 
tend to increase accuiacy, probably due to compensation, and to pro¬ 
duce the subjective attitude of worry. To accomplish the same 
results, more positive motivation is needed than on othei days. On 
this day, theiefore, even though mental efficiency is not affected, 
women should plan then work in such a wav that there will be a 
minimum of irritation They should recognize the fact that, if 
lriitations do arise and theie is a tendency to woiry about them, the 
exaggeiation is due to the physiological changes in progiess. 

Conclusions 

The conclusions fiom this study may be summarized, as follows: 

1. The validity of the learning tests was shown by the paiabolic 
emves of learning for each subject 

2 The small range in age and the number of subjects participat¬ 
ing would indicate that the group constituted an adequate random 
sampling of women students between the ages of seventeen and 
twenty-foui years, enioiled in the fust tlnec years of college 

3 Learning progresses duung the four phases of the menstrual 
cycle with no demonsttablc diffcicnees on the basis of the '/'-scores 
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4 The conelations and inteiconditions between the aveiage 
T-scoics of equations couectlv completed during each of the foui 
phases of the menstiual cycle ate exceedingly Ingh. 

5 The correlations and mtciconelations between the aveiage 
numbei of equations inconectly completed during each of the four 
phases of the menstiual cycle are high, but not as high as for the 
equations coricctly completed, due to the small numbei of equations 
incorrectly completed 

6 . Functional penodicitv has no demonstiable effect upon intel¬ 
ligence as measuied by the Henmon-Nelson Tests of Mental Ability, 

7 Thoie is only a slight oi chance relationship between learn¬ 
ing dining the foui phases of the menstiual cycle and neurotic ten¬ 
dencies as measuied by the Thuistone Personality Schedule, Clailc 
Revision 

8 , The low coefficients of correlation and the high piobablc 
eirors between the scores on the Thui stone Personality Schedule, 
Claik Revision, and on the Henmon-Nelson Tests of Mental Ability 
indicate that there is only a slight negative or chance relationship 
between scores on these tests, 

9, On the basis of the T-scores, functional periodicity apparently 
has no effect on collect responses on specific days of the menstrual 
cycle, except peihaps on the first clay of menstiuation 

10 Mental activities which lequire accuracy vaiy with func¬ 
tional pci lodicity, especially on the second day of menstruation when 
the destructive processes are at their height. The accuracy on the 
second day of menstruation is statistically reliably incieased in sub¬ 
jects of this age and occupation. 

11 Mental activities which require only speed arc not affected 
by the gynaecological periods 

12. Thcie rs only slight or chance relationship between certain 
mental and physical habits—rcgulanty of menstruation, pain dunng 
catamenial periods, worry, and elimination—as given from memory. 

13. Although, as given from memory, there is only a slight rela¬ 
tionship between pain during physiological periodicity and worry, 
the relationship between pain and woriy repotted daily varies widely 
on specific days of the menstrual cycle The high relationship be¬ 
tween pain and woiry on the second day of the catamenial period 
appears to be a factor influencing accuracy 

14. There is only a slight relationship between the number of 
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equations correctly 01 inconectly completed and the qualitative attri¬ 
butes of pain, wonv, and emotional disturbance. 

15 Although the inclination to learn may be affected bv the 
catamenial periods, mental efficiency, as measured by collect responses 
on the five-minute learning tests used m this study, is not affected 
in subjects of tins age and occupation. 

Physicians, sociologists, psychologists, employers in offices and 
factories, and the many others who find these physiological changes 
an extraneous vanable in their dealings with women, may gam from 
tins study a bettei undei standing of the effect of woman’s physio¬ 
logical rhythm upon hei mental activity and efficiency Women 
themselves may have better insight into then own attitudes and 
moods during the gynaecological periods Tins study should aid 
women in making bettei adjustments and thus conliibute to their 
happiness and well-being. 
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CORRELATIONS OF CHRONOLOGICAL AGE, MENTAL 
AGE, AND INTELLIGENCE QUOTIENT WITH 
OTHER ABILITIES AND TRAITS IN GRADE I* 1 


Ilutilei College and Columbia University 


Frank T Wilson and Ceciie White Fikmmino 


Introduction 

Duiing tlie school year 1933-34 a vancty of tests was given to 25 
children m Grade I of the Horace Mann School, Teachers College 
These included tests of “reading readiness"; many of the Gates 
Reading Diagnosis tests, some reading achievement tests; mental 
ability tests, such as the Stanfoid Revision of the Binct-Simon tests 
and various perfoimance tests, certain psychological tests, as of per¬ 
ception and peiseveration, and seveial measures of psycho-phvsical 
and personality tiaits and of home background The pin pose of the 
study was to examine any possible relationships that might exist 
between measurable tiaits and abilities, and early pi ogress m the 
mechanics of reading. 

The children of the gioup came fiom well-to-do homes. A large 
percentage of the paicnts weie piofessional people The following 
averages for these pupils were found’ 

Chi onological Age 6 31 

Mental Age 7 61 

Intelligence Quotient 120 6 

Nearly every test and measurement was given oi made indi¬ 
vidually, under carefully controlled conditions, and by tellable per¬ 
sons accustomed to administering tests to young children The co 

^Received in the Edilon.il Office on November 27, 1936 

Tins report presents a minor phase of a study of Reading Readiness 
and Reading Progress m the Pnmary Grades of the Horace Mann School, 
Teachers College, New Yoik, 1933-36 This study has been made possi¬ 
ble by the cooperation of Miss Agnes Burke, Teacher of Grade I and other 
teachers of the Kindergarten and Primary Grades It lias been made under 
the supervision of Doctoi Cecilc White Flemming, Director of Pupil Indi¬ 
vidual Development and Guidance, and of Doctor Rollo G Reynolds, Prin¬ 
cipal Prepared with the assistance of the U S Works Progress Adminis¬ 
tration, New York Cilv, project number 65-97-295, sub-project 25 
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operation of the pupils was almost mvauably excellent It is believed 
for these icasons, that criois of examination were unusually low 
This report piesents data in terms of toirelations of chionologi- 
cal age, mental age, and intelligence quotient with 106 other meas- 
uics and appraisals of the pupils The torrelations weie obtained 
by the rank outer method To s>ecuic the lank orders all measures 
and appraisals were ieduced to numeiical scoies, Owing to lack of 
facilities it was not feasible to make all the computations that were 
possible in the onginal study A “finder” device was used to select 
foi computations the correlations which seemed to promise signifi¬ 
cance It is believed that thiough the use of this device, although 
it was not altogether accuiate, ail the high and fauly high corre¬ 
lations \veic found The conelations omitted were piobably below 
.50, and most of them probably nearer zcio than 50 The PE of 
rho’s, when A r =25, range from ± 5237 for 90 to ± 1335 for 10. 

The validity of many of the mcasuies and appraisals is uncertain 
Few coirelations of seemingly unusual size weic obtained, however, 
and few which weie inconsistent with other coi relations foi the 
same kind of tiaits and abilities as found in the complete data of the 
onginal study. The opinion of the teachei, of the school psycholo¬ 
gist, and of othei qualified pci sons who have studied the figures, is 
that the results have quite high validity. 

Findings 

Lists 1, 2, and 3 piesent the obtained coriclations of chionological 
age, mental age, and intelligence quotient with the other measures 
in older of size As would be supposed, mental age gave a grcatei 
numbci of high conelations with othei mcasuies than intelligence 
quotient or chronological, age Each of the mcasuies gave several 
negative conelations. Mental age and intelligence quotient corre¬ 
lated 81, chionological age and intelligence quotient coiielated 

List t—C orrei ations or Chrouologicai A or with Other Measures'* 


Gates Prunaiy Reading Tests, Type 2, Sentence reading, Mnicli 42 

Teacher's ranking in leading, November prediction , , 41 

Gates Primary Reading Tests, Type 1, Ward recognition, November 40 
Hcaly Picture Completion Test, II . 40 

Hildreth First Grade Reading Analysis Test, Matching phrases 39 

Metropolitan Readiness Test9, Vocabulary 37 

Gates Reading Diagnosis Tests, Xllt, 1-2, Write words Fall 37 

Grip , . 36 
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Libi 1 Gorki i a tiiins m Ciironoi ooicai Act wim Omiir Miasueci-s 
(continued)* 

Teacher’s ranking in reading, May ability 

Gates Reading Diagnosis Tests, XT, I, Repeat nonsense syllables Fall 
vTw^™?? 1 T 0,, l Te r t,| X * 2 ’ Rcc °K">‘“>“ letter bounds Fall 

Van W a gen an Reading Readiness Test, Information 
Metropolitan Rendineas l ests, Numbers 
Metropolitan Readiness Tests, Total 

Gates Reading Diagnosis Tests, IX, 1-7, Phonic combinations Fall 
Ga es Reading Diagnosis Tests, XV, 2 , Memory span letters Fall 

Menu! Age" 7 R “ dmg Tc ^ T >‘ 1C 3 ’ March 

Gates Pi unary Reading Tests, Type 2, Sentence reading, May 

Personal Tmts AnaIy "" ' Icst - sentences 

Height 

Man,lin nmary * l * Aiae Tcsl, » ^ l > Wo.d Recognition, March 

Hddieth First Grade Reading Anal}sis Test, Total 
Gates Reading Diagnosis Tests, IX, 1-7 and 9, G.v.ng phonic com¬ 
bination and lettei sounds Fall , 

Gates Reading D.agnos.s Tests, X, Total auditory perception Fall 
Gates Pi iniary Reading Tests, Type 1, Word recognition, May 
Hddieth First Grade Reading Analysis Test, Matching words 
Total Vocabulary time 

Gates Reading Diagnosis Tests, X, 3-4, Gning initial and hnal 
sounds Fall 

Gates Primary Reading Tests, Tjpe 3, Paiagraph reading, May , 
Hildieth First Grade Reading Analysis Tests, Matching words and 
pluases in sentences 
Total omissions 

Van Wagenan Reading Readiness Test, \y 0 rd Discrimination 
Metropolitan Readiness Test, Copying 
Ship Test . . 

Gates Reading Diagnosis Tests, XV, 4, Memory span, familiar woids 
Fall 

Van Wagenan Reading Readiness Test, Word learning — 

Tapping, score 

Gates Rending Diagnosis Tests, XIII, 3, Write letters Fall 
Gates Reading Diagnosis I ests, IX, 10, Recognition capital letters 
Fall 

Total enms 

Gates Reading Diagnosis Tests, VIII, 3, Recognition words heard 
Fall 

Perception 

Pei seve ration, Elkins-Maller Attention Test __ 

Gates Reading Diagnosis Tests, IX, 9, Giving letter sounds Fall 
Gates Reading Diagnosis Tests, X, 1 , Blend words Fall 
Gates Reading Diagnosis Tests, XI, 2, Same-different words Fall 
Reversals, Visual perception 

Stone & Grovei, Classification test foi Beginners in Reading, II 
Total Vocabulary 


,35 
,3 4 
31 
29 
29 
29 
28 
28 
28 
28 
28 
27 
06 
09 
2 + 
24 
24 

22 

22 

22 

20 

20 

19 

18 

.17 

.17 

16 

16 

15 

14 

.12 

12 

10 

10 

.10 

08 

08 

08 

07 

07 

07 

.07 

.07 

05 
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List 1—Corrii attons or CimoNorocicAr Acr with Other Measures 
(continued) * 

Weight t <05 

Metropolitan Readiness Tests, Information ... .04 

Stone & Giover, Classification test for Beginners in Reading, I ,03 

Steadiness 01 

VanWngenan Reading Readiness Test, Memoiy span 0 

Metropolitan Readiness Tests, Similarities 00 

Gates Reading Diagnosis Tests, XV, 1, Memoiy span, digits, Fall 00 

Mctiopolltnn Readiness Tests, Drawing man —01 

Gates Reading Diagnosis Tests, Recognition small letters Fall . —01 

Personally Rating, Hicks, A Personality Rating Scale for Childien 

Six to Nine —<01 

VanWngenan Reading Readiness Test, Relations , —02 

Gates Reading Diagnosis Tests, XV, Total memory span Fall —02 

Stone &c Grover Classification Test for Begtnncis in Reading, Total —04 
Metropolitan Readiness Tests, Sentences —05 

Gates Reading Diagnosis Tests, VIII, 2, Recognition word seen Fall —05 
Gates Reading Diagnosis Tests, XI, 2, and supplement, Recognition 

same different words Fall —05 

Maic & Foal, Time . —07 

Motor eo-ordimtion . , . —07 

Perseveration, Elkms-Maller, Attention Test , —08 

Reversals, Auditory perception —10 

Gates Reading Diagnosis Tests, XV, 3, Memory span, nonsense sylla¬ 
bles Fall . . —12 

VanWngenan Reading Readiness Test, Vocabulary ■—.14 

Nutrition , . —18 

Mare & Foal, Errors —24 

Intelligence quotient —30 

Activities, total . , —48 

•Some of the correlations of C A with the othei measures weie not com¬ 
puted because of limited clerical assistance. See Introduction foi discussion 
of "finder 1 ' device. 

List 2—Cork emtio vs or Mental Agf vvitji Other Measures 

Intelligence Quotient SI 

Metropolitan Readiness Tests, Numbers 80 

Metropolitan Readiness Tests, Total 79 

Total Eirois .... 78 

Gates Reading Diagnosis Tests, IX, 9, Letter sounds, Spring 75 

Gates Reading Diagnosis Tests, IX, 1-7 and 9, Phonic combina¬ 
tions and letter sounds, Spring , 73 

Teacher’s ranking in reading, November prediction , 70 

Errors, Fall . ,68 

Gates Primary Reading Tests, Type 3, Paragraph rending, March 66 
Gates Reading Diagnosis Tests, XIII, 1-2, Wnte words, Fall 65 

Gates Reading Diagnosis Tests, VIII, 2, Woid recognition, visual 

perception, Fnll , , 64 

VanWagenan Reading Readiness Test, Vocabulary 64 
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List 2—Cokrei ations of Mentai Ace with Onii r MrAsuRrs (continued) 

Van Wagennn Reading Readiness Test, Relations . 62 

Gates Rending Diagnosis Tests, X, 3-4, Giving initial and final 

sounds, Fall Cl 

Gates Primary Reading Tests, Type 1, Wmd recognition, Mav 61 

Gates Reading Diagnosis Tests, X, 2, Recognition letter sounds, 

Spting 59 

Gates Reading Diagnosis Tests, XV, 2, Memory span, Utters, Fall 59 

Hildreth Fust Grade Reading Analysis Test, Matching words and 

plunses in sentences . 58 

Teachers' Ranking in reading, May ability 56 

Gates Reading Diagnosis Tests, Total X, Auditory perception, Fall 56 
Gales Reading Diagnosis Tests, VIII, 3, Word recognition, auditory 

perception, Spring 56 

Eriors, Spring , , 55 

Gates Reading Diagnosis Tests, XV, 1, Memory span, digits, Fall 55 

Gates Primaiv Reading Tests, Type 2, Sentence leading, May 54 

Gates Pnmiiry Reading Tests, Type 3, Pamgraph reading, May , 54 

Total matching , 54 

Hildreth First Giade Analysis Tests, Matching ivoids , 51 

Metiopolitan Readiness Tests, Vocabulary ,, 54 

Van Wagennn Reading Readiness Test, Memory span .S4 

Gates Reading Diagnosis Tests, XIII, 3, Writing letters, Spring 54 

Gates Reading Diagnosis Tests, IX, 1-7, Phonic combinations, Spring 53 
Gates Reading Diagnosis Tests, XV, 1-4, Total, Memory span, Fall S3 

Gates Primary Reading Tests, Type 2, Sentence reading, March > 53 

Errors and Omissions, Total 51 

Metropolitan Readiness Tests, Information , 51 

Gates Reading Diagnosis Tests, XI, 1, Repeat nonsense syllables, Fall 51 

Gates Pnniaiy Reading Tests, Type 1, Word recognition, November .51 

Mctiopohtan Readiness Tests, Copying ,50 

Gates Reading Diagnosis Tests, XIII, 3, Wute letters, Fall 49 

Gates Reading Diagnosis Tests, IX, 11, Recognition small letters. Fall 49 

Gates Reading Diagnosis Tests, IX, 9, Letter sounds, Fall 49 

Gates Reading Diagnosis Tests, IX, 1-7 and 9, Phonic combinations 

and lettei sounds, Fall 49 

Gates Reading Diagnosis Tests, IX, 1-7, Phonic combinations, Fall 49 
Van Wagennn Reading Readiness 1 est, Infoimation 43 

Gates Pi unary Reading Tests, P I\pc I, Word i (.cognition, March 48 

Hildreth First Grade Reading Analysis Test, Total 18 

Total letteis . 48 

Gates Reading Diagnosis Tests, [X, 10, Recognition capital letters. 

Fall +7 

Maie Sc Foal, time , . 47 

Gates Reading Diagnosis Tests, XIII, 1-2, Write words, Spring 46 

Ship Test +5 

Stone ft Grover, Classification lest foi Beginners in Reading I 44 

Vocabularies, total . > 41 

Gates Reading Diagnosis Tests, VIII, 3, Word recognition, auditory, 

Fall , -40 

Metropolitan Readiness Tests, Similarities 39 

Total tunc 39 
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1 1ST 2— Corrfi aiions oi Mi-niai Age wiih Othlr Mlasurls (continued) 


Gates Reading Diagnosis Tests, XV, 4, Memoiv span, familiar 

svords, Fall ... . . 

Gates Reading Diagnosis Tests, VIII, 2, Woicl recognition, visual, 

Spring , , 

Gates Reading Diagnosis Tests, XV, 3, Memory span, nonsense syl¬ 
lables, Fall - • , , - 

Gates Reading Diagnosis Tests, X, 2, Recognition sounded letters, 

Fall 

Omissions, Spring . 

Gates Reading Diagnosis Tests, X, 1, Blend sounds, I'all 

Steadiness , „ 

Gates Reading Diagnosis Tests, XT, 2, Same-diffcicnt woids, Fall 
Healy Picture Completion Test, II 
Seguin Form Board 

Metiopolitan Readiness Test, Pi awing man 
Hildieth First Ginde Reading Analysis Test, Matching sentences 
Gates Reading Diagnosis Tests, XI, 2, and supplement, Total same- 
different words, Fall 
Total vocabulary time 

Chronological Age , 

Gates Reading Diagnosis lests, XIII, 3, Adapted, Wnting Tune, 
capitals, small letters and digits, Spring 
Metropolitan Readiness Tests, Sentences . 

Omissions, Total 

Number magazines and newspapers in home 
Omissions, Fall , ** ' 

Gates Reading Diagnosis Tests, X, 1, Blend sounds, Spring 

Stone & Giovei, Classification Test foi Beginneis in Reading, Total 

Manikin, Time ■ • 

Maie & Toni, Eirois 

VanWagenan Reading Readiness lest, Woid learning 
Numbei of chddicn’s books in home 
Fatal Reveisals 

VanWagenan Reading Readiness Test, Woid discrimination 
Reversals, Auditory perception 

Hildreth Fust Grade Reading Analysis Test, Matching phrases 

Reversals, Visual perception 

Tapping 

Developmental Index (babyhood) 

Perception 

Stone & Grovci Classification Test foi Beginners in Reading, II 
Personal Traits 

Personality Rating, Hicks, A Peisonahty Rating Scale foi Childien 
Six to Nine 
Activities, Indoor 

Peisereratlon, Elkins-Maller Attention Test 

Total Activities 

Grip 

Height 

Activities, Outdoor 
Nutrition 


39 

38 

38 

37 

36 

33 

33 

32 

32 

31 

32 
.31 


30 

,2+ 

28 

28 

.29 

24 

23 

,23 

22 

22 

21 

21 

21 

16 

16 

IS 

12 

11 

08 

08 

.08 

02 

02 

02 

01 

01 

— 02 

— 02 

— OS 

— 03 

— 05 

— 12 
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List 2 Corriiaiions or Mfntat Acf with Chm r Mlasuris 
Motor Cooidinatioo 
Undesirable Tiaits 
Weight 

Perseveration, Elkms-Maller Attention ’lest 
Nervousness Index 


(continued) 
-~14 
— 16 

— 25 

— 25 

— 26 


List 3 Corr r lations or Inihiigince Quoupni wmi Otiiir Mf. 

VanWagenan Pending Readiness Test, Vocabulary 
I otal Ei rors 

Gat„|licnd," E Diagnosis Tests, VIII, 2, Wo,<l lecogmtini, s„„„l 
Enors, Fall 

Van Wagenan Reading Readiness Tests, Relations 
Gates Reading Diagnosis Tests, IX, 9, Lelte. sounds 
Metropolitan Readiness Test, Total 
Metropolitan Readiness Test, Numbers 

Gates Reading Diagnosis Tests, XV, 1 , Memory span, digits, Fall 
Van Wagenan Reading Readiness Tests, Memory span 
Mare and Foal, Tone 

Gates Reading Diagnosis Tests, X, 3-1, Initial and final sounds, Fall 
Gates Reading Diagnosis Tests, IX, 1-7 and 9, Phonic combinations 
and letter sounds, Spring 

Gates Readme Diagnosis Tests, XV, 1-4, Total memoiy span, Fall 
Metropolitan Readiness lest, Infoimation 

Gate^Read.ng D.agnosis Tests, IX, 11, Recogn.t.on small late, s, 

Gates Primary Read.ng Tests, Type 3, Parag.aph reading, March 
Gates Reading Diagnosis 1 ests, VIII, 3, Word recognition, visual 
bpring ' 

Gates Primary Rendmg Tests, Type 1, Recogmtion, May 
Total Matching 

Gates Rendmg Diagnosis Tests, IX, 9, Lettc. sounds, Fall 
Gates Reading D.agnosis Tests, XV, 2, Memory span, Letters, Fall 
Hildreth Fust Grade Rending Analysis Test, Word and Phrases in 
Sentences 

Gat Fal| ea:linK DiaS ' l0SlS Tcsts ' X * auditory pen option, 

Gates Reading Diagnosis Tests, X, 2, Recogn./mg letter sounds 
Spring 

Total Lctteis 

Mare and Foal, Enors 

Gates Reading Diagnosis Tests, XV, 3, Memory span, nonsense syl¬ 
lables, Fall 

Total eirois and omissions 

Gates Reading Diagnosis Tests, XIII, 3, Adapted, Wilting letters 
and digits, Spiing 

Gates Primary Reading Test, Type 3, Paiagrapli leading, Mav 
Eriois, Spring 

Tencliei’s innking in leading, Novembei prediction 

Gates Pninniy Reading 1 ests, Type 2, Sentence reading, May 


r\SUKES 

7 + 

6 a 

66 

63 

63 

61 

$9 

59 

S7 

54 

S4 

53 

53 

53 

51 

50 

49 

45 
48 
47 
47 
47 

47 

46 

45 

IS 

44 

44 

44 

44 

43 

43 

41 

40 
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Lisr 3—CORREIAHONS OF INTEI I.IGFNCE QUOTIENT WITH OPHTR MEASURES 

(continued) 

Gates Rending Diagnosis Tests, IX, 10, Recognition capital letters, 

Fall . . 40 

Metropolitan Readiness Test, Copying 10 

Hildretli First Grade Reading Analysis lest, Matching woids 39 

Vocabulary, Total 39 

Stone & Giovcr, Classification Test for Beginners in Reading I 38 

Metropolitan Readiness Test, Similarities 38 

Gates Reading Diagnosis Tests, IX, Total 1-7 and 9, Phonic com¬ 
binations and letter sounds, Fall 38 

Gates Reading Diagnosis Tests, XIII, 1-2, Write woids, Fall 38 

Gates Reading Diagnosis Tests, VIII, 3, word lccogmtion, auditory 

peiception, Fall . ,37 

Ship Test - . , 37 

Gates Reading Diagnois Tests, IX, 1-7, Phonic combinations, Spring 3 6 

Gates Primary Reading Tests, Type 1, Woul recognition, Maich 36 

Gates Reading Diagnosis Tests, XV, 4, Memory span, familial woids, 

Fall 36 

Gates Reading Diagnosis Tests, XIII, 3, Wnte letters, Fall , 36 

Gates Reading Diagnosis Tests, IX, 1-7, Phonic combinations, Fall 36 

Metropolitan Readiness Test, Vocabulary 3 6 

Teacher's ranking in reading, May ability , , 34 

Gates Reading Diagnosis Tests, XI, 2, and Supplement, Same- 

different words, Fall , , 34 

Number Children’s Books in Home , , . 34 

Gates Reading Diagnosis Tests, VIII, 2, Woid recognition visual 

recognition, visual peiception, Spring 33 

Gates Reading Diagnosis Tests, XI, Blend words, Fall .33 

Gates Reading Diagnosis Tests, XI, 2 Same-different words, Fall 32 
Hildreth First Grade Reading Analysis Test, Total 31 

Activities, Tnrlnnr . .31 

Gates Primary Reading Tests, Type 1, Woid recognition . 30 

Gates Reading Diagnosis Tests, X, 1, Blend sounds, Spring 29 

Metropolitan Readiness Test, Drawing man , , 29 

Gates Primaly Reading Test, Type 2, Sentence reading, March 27 

Activities, Total . . 27 

Metropolitan Readiness Test, Sentences 36 

Gales Reading Diagnosis Tests, X, 2, Recognition sounded letters, 

Fall ... 26 

Gates Rending Diagnosis Tests, XI, 1, Repeat nonsense syllables, 

Fall . . . 25 

Steadiness . ... 25 

Omissions, Spring 24 

Gales Reading Diagnosis Tests, XIII, 1-2, Wiite words, Spring 24 

VanWagcnan Reading Readiness Test, Information , 23 

Stone & Grover, Classification Test foi Beginners in Reading, Total 23 

Reversals, Total . 23 

Total Time ,23 

Number of magazines and newspapers in home 23 

VanWagcnan Reading Readiness Test, Word lenrmng 18 

Reversals, Auditory perception . 23 
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List 3—Correlations oi iNTcruciNcr QuomNr wmi Oihfr Measures 

(continued) 

Omissions, Total 17 

Activities, Outdoor , 16 

Writing Time 

Hildreth First Gi ade Reading Analysis Test, Matching sentences 15 

Developmental Index (babyhood) 13 

Omissions, Fall L 2 

I lea ly Picture Completion Test, II II 

Stone Sc Giovci, Classification Test for Beginners in Reading, II ill 

Total Vocabulary Time 09 

VanWagetian Reading Readiness Tests, \Void discrimination 07 

Manikin, Time , 0 1 

Personality Rating, IUcks, A Personality Rating Scale loi Children 

Six to Nine 03 

Reversals, Visual perception ,, 03 

Pc rscvc. nitron, Elkins-Mnllcr Attention Test , 03 

Scguin, Form lloaul > — (HI 

Personal Traits —00 

Motor Coordination —02 

Tapping , —01- 

Persevcration, Elkins-Matter Attention Test . —OS 

Perception — 07 

Nutrition — 09 

Hildreih First Giade Reading Analysis Test, Matching phrases — 14 

Height —21 

Nen ousness Index —28 

Chronological Age , — 30 

Undesuable Traits —31 

Weight —35 

Grip . — 38 


.30, ciuonological age and mental age coi related 28. These figures 
rue about what would be expected, and agiee vciy well with reports 
of previous studies On the whole the sizes of all the coi relations 
seem reasonable with the exception, perhaps, of some of those between 
the vanous mcasuics ot mental ability. The mtcicoirelations, of the 
measures of mental ability were not high 

Tables 1 to 5 give the correlations of the tinee measures with 
other tests and appiaisals arranged by certain groupings Table 1 
shows the conelations for fourteen reading measures. The averages 
of the correlations are for chronological age and reading, 29, for 
mental age and reading, 51, for intelligence quotient and read¬ 
ing, .33 

The average for the correlations of the intelligence quotient with 
the leading measures is undulv loweied by one correlation, —.14, 
involving the Hildreth First Grade Reading Analysis Test, Match- 
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TABLE 1 

Correlations or Ciironoi ocicai Age, Mlntyi Agi and Intei licence 
Quotient with 14 Riading Ilsts 


CA MA 


IQ 


Gates Primary Reading Tests, Type 1, Woid recognition, 



November 

40 

51 

30 

U t< 

“ “ “ 1 , AVoid iccognition, 

Maich 

24 

48 

,36 

it ti 

“ “ “ 2, Sentence reading, 

March 

42 

,53 

27 

U cc 

11 “ “ 3, Paiagiaph tend¬ 

ing, March 

28 

66 

49 

Ilildieth Fust 

Gi ade Reading Analysis Test, Matching 
Phrases 

39 

11 

— It 

ti it 

“ “ “ Test, Matching 

Words 

20 

54 

39 

1K if 

“ 11 " Test, Matching 

Sentences 

27 

31 

15 

ti It 

“ “ “ Test, Matching 

W o r tl s and 
phrases In 
sentences 

17 

.58 

47 

it if 

“ “ “ Test, Total 

24 

48 

31 

Teacher's Ranking in reading, November piediction 

+1 

70 

41 

U fl 

“ “ Ma> ability 

35 

56 

.34 

Gates Primai) 

Reading Tests, Type 1, Word iccognition, 
May 

22 

61 

48 

1 1 ti 

“ “ “ 2, Sentence leading, 

May 

28 

54 

40 


“ " “ 3, Paragraph lead¬ 

ing, May 

18 

54 

43 


Avei ages 

289 

51 

332 


ing Phrases. This figuie seems out of place, and is explainable 
only in tcims of chance It seems incicdible that conelations of 
intelligence with tins test would give legolaily a negative though 
low figuie This test was the first of the Hildteth Analysis Tests 
gwen to the childien and was administeicd successively to gioups of 
12 and 13. It is possible that extraneous factois such as the novelty 
of the task, unccitainty of as to what to do, and othei conditions 
common when children are confionted with new and vciy difteient 
situations, may have been involved to such an extent as to have 
affected the true lelntionships between mental abilities and success 
in the test The next lowest con elation foi leading and intelligence 
quotient was -f- 15 The aveiage foi the conelations of IQ with the 
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TABLE 2 

CORKLT iVIIONS OI CflRONOI OCICAT AgC, MrNTAI AgF A s. D InTIH E IGFNCF 
_QufvriLNT\vi rii no Tfsp, of Lfitir Auirirtrs 





CA 

MA 

IQ 

Stone 

& Grover, Classification 7 tst I 

03 

1 + 

38 

Gates 

” ” ” II 

Reading Diagnosis Tests, VIII 2, Recognition 

07 

02 

10 



words seen, Fall 

— 05 

6+ 

66 



" V III 3 Recognition 



» 


words lie.)id 

OS 

10 

37 

>» ji 

” IX, 1-7, Phonic 

combinations 

28 

19 

ti 

36 

” IX, 9, Gn mg letter 


>1 


sounds 

07 

49 

17 


” IX, Total 1-7 and 9 

22 

19 

39 



" X. 1 Recognition 

blended words 

07 

33 

33 



X, 2 Recognition 





sounded lctteis 

31 

37 

26 



X 3-+, Giving initial 
and final sounds 

19 

61 

53 



X Total 

22 

sr, 

46 



" XIII, 1-2, Writing 
words 

37 

65 

38 



" XIII, 3, Wuttng 
letters 

12 

49 

36 



” IX, 10, Recognition 






capital letters 

10 

47 

40 



XI 2 , Recognition samc- 
dxflfcient words 

07 

32 

32 



XI, 2, pins supple- 





ment 

— 05 

30 

34 



” XV, 2, Memory span 
letters 

.28 

59 

47 

1 otnl Letters 



18 

45 

Gates 

Reading Diagnosis 

Tests, VIII 2, Recognition 


» 

J> >1 

woids seen Spring 

_ 

38 

33 

” VIII 3, Recognition 






ftoids heard 

_ 

56 

48 


" IX, 1-7 Phonic 






combinations 

_ 

53 

36 

n 


” IX, 9, Giving lettei 




sounds 

_ 

75 

61 

n 


” IX, Total 1-7 and 9 

__ 

73 

53 



” X 1 , Recognition 





blended vvoids 

_ 

22 

29 


11 X, 2, Rciogmiion 



« 


sounded lettcis 

_ 

,59 

45 


” XIII 1-2 Writing 



a 


words 

_ 

.46 

21 


" VIII 3, Adapted, 

Wilting capitals and 
small letters and 
digits 


5+ 

44 





Averages 

1 1 

477 

398 
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TABLE 3 

Cornu iations or Chronological Ace, Mfntai Age, and iNrcincrNcp 
Quotil'ni wrm 20 Mental Tests 



CA 

MA 

IQ 

Van Wagennn Reading Readiness Test, Infoimation 

29 

43 

23 

” ” ” ” ” Relations 

— 02 

62 

63 

" ” " " ” Vocnbularv 

—,14 

64 

74 

” Memory Span 

00 

54 

54 

Metropolitan Readiness Test, Vocabulary 

37 

54 

36 

" ” " Sentences 

— 05 

29 

37 

" " ” Numbcis 

29 

30 

59 

” ” " Information 

04 

51 

51 

” ” ” Drawing Man 

— 01 

32 

29 

Gates Reading Diagnosis Tests, XI, 1, Repeat 




nonsense syllables 

34 

51 

25 

Vocabulary 

05 

41 

39 

Segmn Form Hoard . . , 

,24 

31 

00 

Marc & Foal, Time 

— 07 

47 

54 

” ” Errors 

— 24 

21 

44 

Manikin 

24 

21 

04 

Ship Test 

,15 

45 

.37 

Henlv Pichue Completion Test, II 

40 

32 

11 

Mental Age , 

28 

— 

81 

Intelligence Quotient 

— 30 

81 

__ 

Gates Reading Diagnosis, XV, 1-4, Total Memoiv Span 

— 02 

53 

53 

Averages 

092 

472 

407 

TABLE 4 




Copulations of Ciikonulogical Acr, Mental Age, 

and Intelligence 

Quotient with 16 Psycho-Physical Measures 




CA 

MA 

IQ 

Total Writing Time 

_ 

28 

.16 

Total Vocabulary Time 

20 

24 

09 

Peicepti&n 

08 

02 

— 07 

Ste fullness 

01 

33 

25 

Tapping 

12 

.03 

— 04 

Pei sevcration, Elkins-Mnller Attention Test 

08 

-— 02 

03 

Chronological Age 

— 

23 

— 30 

Grip , 

36 

— 05 

— 38 

Motor Coordination 

— 07 

— 14 

— 02 

Weight 

05 

— 25 

— 35 

Height 

09 

— 03 

— 21 

Nutiition 

— 18 

— 12 

— 09 

Number outdoor activities 

_ 

— 05 

16 

Number indoor activities 

_ 

01 

31 

Total number activities 

— 48 

— 02 

,27 

Developmental Index (babyhood) 

— 

08 

13 

Averages 

024 

040 

— 038 
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TABLE 5 

Corri i ations nr Chronolocicai Age, Mental Ac.r, and Intliiilfncp 
Quotient with 10 Personality Measures 



CA 

MA 

IQ 

Reversals, Visual perception 

07 

08 

03 

" Auditnn 

— 10 

12 

ta 

Total Enors 

10 

78 


Total Omissions 

17 

24 

17 

Number of Children’s books in home 


16 

,3 V 

Number of magazines and newspapers in home 

_ 

21 

23 

Undesirable behavioi traits 

26 

— 16 

— 31 

Personal traits 

06 

02 

00 

Personality rating, Hicks, A l'cisonnlUy Rating Scale 
foi Cluidicn Snc to Nine 

— 01 

(U 

,03 

Nervousness Index 


— 26 

— 28 

Averages 

Cf* 

o 

122 

107 


leading mcasuics would not, howevci, have been very much higher 
than 33, even if a fairly high positive correlation for the Hildreth 
matching test had been found, since thirteen other correlations were 
combined with tins one to make up the average The table shows 
that, foi the children studied, reading ability was somewhat but 
not closely related to mental age, intelligence quotient, and chrono¬ 
logical age, and that the relative degrees of relationship were in the 
order named 

Table 2 gives the correlations of the three measures with 27 tests 
of lettei abilities The averages are, M A and letter abilities, .477; 
1 Q and letter abilities, 398; and CA and letter abilities, 14 The 
averages for mental age and for intelligence quotient with letter 
abilities are not veiy ditfeicnt from averages of the same measures 
with leading tests The average of the correlations of chronological 
age with lettei tests, 14, computes with 289, the aveiage of the 
correlations of cluonological age with the 14 reading tests as shown 
in Table 1 Because of the few number of cases and the sizes of 
the correlations, these differences probably have little significance. 
Apparently the ability of the children to lccognize, write, and give 
names, sounds, and combinations of letters, is related to mental age, 
intelligence quotient, and chronological age in much the same man¬ 
ner and degree as is reading 

Table 3 shows the conelations of the thicc measures with 20 mental 
tests of various types The averages arc MA and mental test's 472; 
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IQ and mental tests 402, CA and mental tests 092 M/1 and IQ 

indicated fairly close i elation ships to the other measuies with con- 
sideiable variability, the range of the coirclations being ftom .21 to 
80 foi MA, and fiom 00 to 74 foi IQ It would seem that cither 
the abilities involved in the tests are in many instances quite different, 
or that the lehabilit}’ of the measuies is veiy low, oi more piobably, 
that both of these explanations are true The fiist supposition seems 
significant, liowevei, since the averages of the coi relations obtained by 
M/1 and IQ with the other measures aie failly high, whereas the 
averages obtained by GA are very low, a difference in relationships 
which seem quite piobable 

Tables 4 and 5 show the correlations of the tluee measuies with a 
vancty of psycho-physical and peisonahlv tests and estimates That 
these lattei measures aie each concerned with veiv different abilities 
and traits appears both in the descnptive names of the abilities and 
tiaits and in the variability of the coirclations. The fact that the 
averages are so ncai zeio, however, seems significant In only three 
instances weie correlations high enough to indicate possible i elation- 
ships of particulai impoitance, namely total criois with MJ and IQ 
78 and 68, respectively, and total numbei of activities with CA, 
— 48. The lelationships between mental measuies and errors seem 
logical Negative relationships between CA and number of activities 
engaged in by child ten have been icported in studies of both pre¬ 
school and school-age childien 

The conclusion from the figuies of these two tables seems to be that 
psycho-physical and peisonahtv traits and abilities -ne quite varied, 
and not closclv i elated to chionological age, mental age or intelligence 
quotient. 


Summary 

Chronological age, Bmet mental age and Binct intelligence quotient 
gave varying degiecs of coi relation with 106 other measures and 
appraisals of 25 Giade I childicn When the other measures and 
appraisals weie gioupcd under five general heading:,, the following 
tendencies appealed: MA tended to give modeiate corielations with 
leading, lettei abilities, and mental tests, IQ tended to give correla¬ 
tions somewhat smaller than M/1 with the same groups of measuies, 
CA tended to give still lower corielations with leading All other 
coirclations tended to be low or practically zcio, namely, CA with 
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lett« abilities, mental tests, psycho-phi s.cal n,easu.es, and pe,son.,lily 
measures except CJ with an estimate „£ the numhe, of activities which 

e!cr f Tf7 i Vn i ^ychc-phvs.cal ami peisonalitv measures, 
except M.l anti IQ with criois, which con elated .78 and 68 
lespectivclv. 


Hmilei College 
New Yoi { City 


Teat het \ College 
Col uni but Univet sity 
New Yoi I City 




PERSONALITY RATINGS. I RELIABILITY OF 
TEACHERS’ RATINGS* 1 

K e si cyan Uitivusil) 


T A L\NGL11 


The continuing health foi methods of mea-.ui.ng personality clia.ac- 
tenbdcs by the use of idtmgs implies a need toi fiulhcr caieful study 
of the ptactical value of such methods m oidmaiy iincontioiled (non- 
experimental) situations This part of a senes of studies is con- 
cemcd with an attempt to detemune tlie extent to which teachers’ 
ratings obtained under usual conditions possess the ncccssaiy lchdbili- 
ties for use in pie-dicting pci fonuance 

The Rating Scale used in this lcscaich is the usual Graphic Rating 
ocale, a copy of which is picsented in Figure 1. The Graphic Rating 
Scale method has been found to be "highly leliablc” when used in 
industrial lesearch as icpoiteil by Paterson (4) This scale has come 
into gcneial favor among personnel men and educators because of its 
simplicity, ease of administration, and appaient comparability of 
ratings. It is logically a vciy good method, but the reliability of 
ratings may be more a function of the ability of judges to obseivc be¬ 
havior consistently and accurately than of the lating method em¬ 
ployed Careful and accurate judges may give reliable ratings by 
almost any method, and inaccurate and careless judges cannot be ex¬ 
pected to yield tenable valid intmgs by any method Other f.ictois 
lemaining constant, the reliability of ratings probably will vaiy with 
methods used, and then the Gi.iphic Rating Scale method is con- 
sidcied to be as accuiate a method as has been devised If results with 
tins method aic unreliable, it would appear that ratings by any method 
so far devised would be equally unreliable The point is that measures 
of reliability of l.iting scales are pnmauly measuies of the reliability 


^Received m the Editorial Office on December 11 , 1936 
’The first two parts of the study here repoited were presented ns n dis¬ 
sertation in candidacy for the degree of Doctor of Philosophy at the Uni¬ 
versity of Minnesota in 1929 The writer is deeply indebted to Professor 
Donald G Paterson for assistance in the formulation and preparation of 
this research. 
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GRAPHIC RATING SCALE FOR STUDENTS 
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FIGURE l 

of the judgments of the sateis Reliability is not as much a function 
of the method used as of the ability of the judge to late 
In this teseaich iatmg scales weie distributed to teachcis in thiee 
laige high schools m Minneapolis and St Paul shoitly before the 
June commencement, with the icquest that they rate those students 
assigned to them with whom they had sufficient acquaintance No 
special training or instructions were given them, since usual conditions 

were desired. 
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The number of semoi 
sented in Table 1 


students and latcis in each school aie pro 


TABLE 1 


High School 


Mpls, West 
St Paul, Ccntial 
St Paul, Central 
St Paul, Humboldt 


Year 

No of Seniors 

Total No 
of Raters 

No of 

Teachers Who 
Rated 20 or 
More Students 

192+ 

315 

18 


1925 

270 

35 


1926 

290 

30 


1925 

90 

24 

0 


Each scale was scoietl fiom 1 to 10 m each trait and totals were 
obtained for all tiaits excluding Traits VI and VII 

In deteimimng the ^liability of the latings collected foi this study 
we shall discuss the following factors' 


1 Normality of distributions of tatings as shown by piesence oi 
absence of skewing. 

2 Spread of ratings 

3. Variations in latmg standards 

4 Variations in rating tendencies from one year to another 

5 The factor of sex in conditioning ratings. 

6 The effect of collecting foi vailability of teachers’ rating 
tendencies 

7 “Halo” as a factoi 

1 Normality of Distributions oi- Ratings as Shown by 
Presfnce or Absence of Skewing 

The assumption that the normality of distributions of tatings is a 
cnteiion of the reliability of ratings is sound provided thcie have been 
a sufficient number of subjects lated by each judge, and piovidcd 
sampling eirors have been avoided This criterion is piobably the 
weakest criterion of reliability of the intings obtained in this lescarch, 
since we cannot be sure that sampling eriors have been avoided and 
the numbci of subjects rated by each teachci langes from only 20 to 
101, with a mean of 41 5 

“Noimahtv” as discussed in this section refers only to lack of skew¬ 
ness, since “spread of intings” will be considered in the next section 

The following procedure was employed in ordei to obtain cmde 
measures of skewness, The chfifeiences between Median and Third 
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Quartile ratings of each teachei weie obtained These will be re¬ 
ferred to as Qg—Mdn Next, the diffeiences between the Median 
and First Quait'ile intings weie obtained. These measures will be 
lefeired to as Mdn—Qi These two measures of vailability were 
then compared to determine scattenng above or below the Median 
When Q a —Mdn is greatci than Mdn—Qi we know that that dis¬ 
tribution is skewed positively, le, the cases ate bunched below the 
Median When Qs—-Mdn is smallei than Mdn—Qi the distnbution 
is skewed negatively, i e , the cases aie bunched above the Median In 
oider to show these relationships as well as to isolate “skewness," ratios 
weie obtained between these two measures of variability It is ap¬ 
parent fiom this formula that a ratio of 1 00 indicates that the dis- 
tnbution is appioximatcly noimal, ic, ratings are not bunched on 
eithei side of the Median, but aie scattcied equally on both sides of 
the Median A ratio greater than 1 00 indicates that there is more 
scatter above the Median than below, or that the distribution is 
skewed positively A ratio of less than 1 00 indicates the opposite 
type of distribution 

The following critenon of noimality was used If the range from 
the Median score to eitliei Quaitile scoie is not moie than 20 per cent 
greater than the range from the Median to the other Quaitile point, 
skewness will be considered to be negligible That is, when Qs—Mdn 
is not more than 120 per cent of Mdn—Qi, the distribution will be 
considered to be appioximatclv normal Similarly, when Mdn— Q x 
is less than 83 per cent of Qs—-Mdn, the distribution will be considered 
to be appioYimatelv normal 

The frequency of various degiees of skewness is shown by the 
figures in Table 2 In this table the Roman Numerals refer to the 
Personality txaits included in this study, and the ratios refer to degrees 


TABLE 2 

FurqurNCY of Various Degrees of “Skewness” Found in Distributions or 
Ratincs of PmoMALirv Traits 



Q-r- 

-Mdn 







Nature of 

Mdn—Qi 



Pei ‘■onaiitv Trui 

its 


Skewness 

Ratio 

X 100 

I 

II 

III 

IV 

V 

VIII 

Negative 

1 - 
67- 

-66 

-82 

13 

5 

10 

2 

20 

6 

6 

3 

5 

4 

10 

3 

Normal Dist 

81 - 

-120 

7 

10 

7 

10 

12 

16 

Positive 

121 - 

-150 

0 

7 

4 

8 

6 

4 

ISt - 

-1000 

14 

10 

2 

12 

12 

6 
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of skewness. Three degiees of skewness aie shown in this tabic, 
namely normal distribution, with piactically no skewness, positive 
and negative skewness of medium degree, and marked skewness, both 
positive and negative. 

The above data suggest (1) that teachers seldom distnbute then 
pcisonality tiait ratings noimally over the scale, (2) that the form 
of distribution of inbngs varies according to the traits being judged, as 
repicsented by («) lack of disciarunation of differences between stu¬ 
dents who aie average or above in “Industuousness” (III), but 
relatively marked diffeicntiation of those who arc deficient in their 
possession of this tiait, (b) lack of differentiation between students 
who possess “average” or lowci degiees of “Scholastic Zeal” (IV) 
and “Dependability” (V), associated with ldatively bettci difteicnda¬ 
tum among those who aie supeuoi in then possession of these tiaits. 
In other woids, accoiding to teachers’ estimates of the pcisonality 
traits of their pupils, most students me industrious, but some are very 
deficient in then possession of this chaiactenstic The deficients arc 
separated from the rest, but the outstandingly industrious students aie 
merged with the aveiage students On the othci hand, most students 
have only a “fair” amount of “Scholastic Zeal” oi are "faithful” but 
some students aie noticeably outstanding for their "zeal” and some 
aie "unusually dependable,” while inferior students in both tiaits aie 
meiged with aveiage students 

In so fai as normality of distnbutions of i at mgs is a valid cn tenon 
of reliability of ratings, the results reported above suggest a lack of 
lchability, since skewed distn’butions are the most prevalent type, and 
since there is a lack of Jtscnmination by teachers of equal degrees of at 
least three of the tiaits included in this study 

2. Spread of Ratings 

Other factois remaining constant, those latmg-, me most valuable 
which arc spread ovei the giealest range, because such ratings allow 
for finer discrimination among the individuals latcd The Graphic 
Rating Scale allows foi as fine a discrimination as the rater cares to 
make 

If we assume that the individuals mted possess the various charac¬ 
teristics in randomly vaiving amounts, then wc should cvpect a noimal 
distribution of the trait latmgs, provided we have avoided eirors of 
sampling We should then expect that the entire scale would cover 
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7 Probable Eirors, and that the middle 50 pei cent would cover 2 
Probable Enois, that is, the lange between Q 3 and Qi would be 
about 2 86 units of the scale since the scale is composed of 10 units. 
We found above that iatings weie usually skewed, and we shall now 
see whether there is a noimal amount of scattei 
Inter-quaitile ranges arc summarized in Tabic 3 


TABLE 3 

Means and SD’s of the Inter-Guartile Ranges 


High 

School 


I 

II 

Personality Traits 
III IV 

V 

VIII 

West 

Menu 

2 19 

3 24 

2 13 

1 77 

1 90 

2,06 


SD. 

61 

87 


,S6 

74 

53 

Central 

Mean 

2 4-2 

2 63 


1.97 

1 89 

2 29 

1925 

SD. 

52 

64 

69 

SI 

76 

62 

Central 

Mean 


2 20 

2 19 


2 13 

2 00 

1926 

SD 

,3 5 

46 

77 

64 

98 

+8 


From an inspection of the measuies in Table 3 we find that, on the 
average, there is a tendency to crowd the middle 50 per cent of ratings 
into a range from 1 77 to 3 24 units with an aveiage of 2 18 units 
instead of 2.85 This may appear to be a small difference, and yet the 
average spread is only 76 pei cent of the theoretical spiead 
As actually used, however, these scales aic really composed of only 
seven steps, since very few iatings of 1, 2, or 10 ate made If we con- 
sidci that we aic really dealing with seven step scales, then the middle 
50 pci cent of cases should fall within two scale steps Actually, they 
fall within 2 18 steps, as stated above This result suggests that, on 
the aveiage, te.icheis do spiead then iatings to a “normal” extent 
In other woids, individual differences are lccogmzed by teachers 5 
ratings to a dcgiee equal to that which might be expected by theory. 
Such are the results when dealing with average scatter 
Mai Iced vai labilities in indicating ditteiences are found, however, 
when individual teachcis aie studied The extent of these vai labilities 
is shown by the stand,ud deviations which accompany the aveiage 
intcr-quaitile langes in Tabic 3 These sigmas lange fiom 35 to 98, 
and average 67 The coefficient of vanability, obtained bv dividing 
67 by 2.18, the mean lange, is 31 This figure suggests that the van- 
ability of the inteiquai tile langes obtained fiom distnbutions of these 
teachers’ ratings is quite matked, and that an aveiage figure is, accoid- 
mglv, misleading Some raters tend to cluster their estimates very 
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closclv ALOund the mean while othei teacher scatter then 1 at mgs with 
about equal fiequeucy ovci most of the stale 
The amount of spicad, fuiilieimoic, varies with the tiaits being 
rated, The possession of “Initiative” (II), for example, is con¬ 
sidered to vaiv moie than any other by the tliiee gioups of te.ielicts 
Scholastic Zeal (IV) and Dependability” (V) aic the least 
vanable on the aveiage, accoiding to these intinga. 

It appeals that even with the Giaphic Rating Scale wc do not have 
compaiablc scales when used by seveial inters, since some teachcis 
spiead then mtings ovei a range seven times as great as that ovet 
which otliei teachcis spicad then ratings Of com sc, we must lemcm- 
bei that pait of this vailability may be in accoidance with tiue 
valuations in the composition of difteicnt groups of students How- 
evei, it is doubtful if this fact would account tor the extieine varu- 
bill tv licie lcpoited 

3 Variations in Rating Standards 

This ciitei ion is concerned with the compaiability of the scales 
used by various l.itcis to a gieatei degiec than arc the preceding 
criteria We have found that “noimal” distnbutions of mtings .uc 
rare, and that theie is little agicement among raters as to the amount 
of “spread” of these traits Such findings suggest that theic is a 
tendency foi teachers to differ among themselves with respect to 
“severe,” “modeiate,” m "lenient” lating standards. Data permitting 
analysis of such tendencies aie contained in Table 4, which presents 


TABLE 4 

Muans or Tin Mebians 


SEPSIS 


I 

It 

Personality Traits 
III IV 

V 

VIII 

West 

Mean 

6 65 

5 90 

7 21 

5 66 

6 06 

6 09 


S D 

65 

.55 

25 

39 

73 

46 

Central 

Mean 

6 53 

5 86 

7 22 

5,80 

6 20 

6 16 

1925 

SD, 

8 + 

I 04 

41 

58 

66 

50 

Central 

Mean 

6 71 

6 28 

7 18 

6 00 

6 55 

6 50 

1926 

S D. 

70 

46 

59 

74 

62 

43 


the means of the Median latings togethei with the Standard Devia¬ 
tions of thetr distributions 

Probably the most noticeable characteristic of the means in Table 4 
is the agreement among the three groups of teachers that “Industry” 
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(III) is possessed to <1 gicatci extent than any of the icmaining ti aits, 
assuming that the scales foi the six tiaits are absolutely equivalent 
On the other hand “Scholastic Zeal” (IV) is thought to be possessed 
to the least extent In geneial, theie is mailccd agicement among 
the three gioups of tcachets as to the lelative possession of these six 
traits In other woids, it appeats that high school tcachcis have 
fairly unifoim standaids of judgment as to the degice to which then 
students, on the aveiage, aie chaiactenzed by these tiaits, 

But what of the individual judge and his standards as related to the 
group slandaicP The measures of vanabilitv (SD of distribution of 
Medians) piescnted in Tabic 4 suggest a considciable dcgiee of incon¬ 
sistency, tbe Standard Deviations langmg fiom 25 to 1 04 with an 
aveiage of 59 The magnitude of this average may be emphasized by 
pointing out that .59 is about 60 pei cent of the semi-inter-quai tile 
range of ratings A ceitain vaiiability should be expected, howcvci, 
even though these mtlngs be peifectly icliablc, because theie aie tiue 
differences among the gioups lated To get a measuie of these 
differences, the College Ability Test scores (piesumably measuring 
“Ability t'o Lea in”) of most of the 1925 Cential gioups were obtained, 
and the Median score of each of 12 of these groups compaied with 
the Median “Ability to Leam” lating (I) of each group The 
coefficient of coirelation (Rank Ordei Difference Formula) which 
resulted was only -|-0 37, indicating very little relationship between 
Median ratings by teachers and the Median College Ability scoies 
The diffeiences between Median estimates therefore, do not represent 
tiue group differences. It would seem that they are due instead to 
lack of compaiable standaids 

4. Variations in Rating Tendencies trom One Year to 

Another 

We have seen that theie are maiked vaualions in latcis’ standards 
We shall now inquire into the permanence of the lating tendencies of 
individual teacheis. The question is,—do teacheis maintain the 
same tendencies to late high, medium, or low fiom one yeai to the 
next ? We shall attempt to determine this bv compaiing the latings 
made by the same teachers one year Intel, These aie rateis numbered 
28, 29, 35, 38, 71 and 93 The latings which will be compaied are 
the ratings on Trait I, "Ability to Leain ” The Median and Quaitilc 
ratings of these six teacheis on Trait I (Ability to Leain) with the 
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Median and Qua i tile College Ability Test sloics of the same gioups 
aic presented in Table 5. 


TABLE 5 

Measures or Central TrNDLNcv and Vari\diiiti or Irait I, and Intlii i- 
GENCE SCORLS, 1925 AND 1926, Sr PaiJI CLNIHAI RATINGS 


Rater 

No 

N 

1925 

Qs Meehan 

Q, 

N 

Qa 

1926 

Median 

Q. 

28 

27 

7 45 

5 68 

5 20 

28 

7 56 

6 67 

5 50 

29 

59 

8 05 

7 22 

5 71 

33 

7 65 

7 10 

5 58 

35 

55 

6 88 

5 91 

5 39 

38 

7 68 

7 20 

6 21 

3 8 

25 

9 31 

8 15 

6 13 

29 

7,78 

7 30 

6 31 

71 

38 

7 25 

5 70 

5 28 

12 

7 50 

6 (JO 

5 30 

93 

47 

8,53 

756 

6 44 

75 

8 32 

7 35 

5 85 




Intelligence Scoies 




28 

27 

6 S 50 

40 29 

32 79 

28 

83 86 

71 00 

14 33 

29 

59 

83 00 

71 83 

46 00 

33 

88 50 

66 00 

44 13 

35 

55 

55 00 

34 64 

22 00 

38 

66 63 

48 86 

37 8S 

38 

25 

88 50 

71 00 

48 50 

29 

82 67 

61 00 

53 50 

71 

38 

57 07 

46 83 

28 92 

42 

70 17 

46 00 

29 13 

93 

47 

49 33 

39 33 

22,25 

75 

73 81 

58 22 

43,50 


An analysis of these figuics confirms om foimei conclusion that 
these ratings aic not comparable and hence not leliablc 

Teacher No 29 lated 59 students in 1925, yielding a Median lating 
of 7 22, a Q 3 rating of 8 05 ami a Qi rating of 5 71. In 1926 this 
teacher rated 33 students, yielding a Median latmg of 7 10, .1 Qa 
rating of 7 65 and a Qi rating of 5,58 This rater apparently main¬ 
tained his tendency to rate fairly high fiom one ycaf to the ne\f, hut 
as measuied by the Univcisity of Minnesota College Ability Test the 
1925 gioup rated by this teacher had a Median percentile score of 
71 83, a 25th percentile scoic of 46 00 and a 75th percentile scoie of 
83 00, wheicas the group lated by this tcachci 111 1926 had a Median 
intelligence scoie of 66 00, a 25th pci ten tile scoic of 44 13 and a 75ih 
pciccntilc scoie of 88 50 It appeals that this latci maintained ap¬ 
proximately the same median tendency even though the gioups lated 
differed both in central tendency and in spread, .is well as in the natuie 
of the distribution The estimates indicate that the 1925 gioup is 
slightly more heterogeneous than the 1926 group and tli.it the distribu¬ 
tion is skewed negatively for both groups The test scores indicate that 
the 1926 group is the more heterogeneous and that this distribution is 
approximately normal We here have evidence that although the 
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true avciages of the two groups diftei, the latci may assign them 
appioximately the same averages. 

Similar analyses can be made of the othei figuics in Table 5, sup¬ 
porting the conclusion that latings tend to lemain constant even when 
the gioups differ. 

Correlations bring out this conclusion even moie forcibly The 
Rank Older Difference coefficients of con elation between Median 
intings and Median test scoies aie -f-0 26 and +0 23 foi the 1925 and 
1926 gioups, respectively As obtained before with 12 raters this 
col i elation was +0 37 When obtained by combining the ratings foi 
both ycais the correlation is -(-0 42 The couelation coefficient be¬ 
tween the test semes of the 1925 gioups and the test scoies of the 
1926 gioups is -f-0 37 The correlation between the Median ratings 
of the 1925 and 1926 gioups is +0 83± 098 Evidently these latcis 
tend to give the same Median latings from one ycai to the next, but 
then rating tendencies do not vary directly with vai lations in the tested 
ability of the groups latcd. That is, a group average may change, but 
the rated Median remains fairly constant In other woids, these 
results suggest that teachers are unable to differentiate differing groups 
when the ratings aie made one vear apait 

5. The Factor of Sfx in Conditioning Ratings 

The reliability of ratings may be a function, among othei factois, 
of the sex of the ratei as well as the sex of the subject If teacheis of 
different sex tend to late all subjects diffeiently, and if teacheis of one 
sex tend to judge subjects of the opposite sex differently than they do 
subject's of the same sex, then analyses of ratings that do not take into 
account such relationships would be lelatively unicliable The data 
for our analysis of sex diftei cnees among these lateis were obtained 
fiom the Central High School xatings, and aie piesented in Tables 
6 and 7 

Tabic 6 presents measures of cential tendency and vai lability of boys 
and girls according to whether they wcie lated by men teachers or 
women teachers. Differences between Median latings, the Piobable 
Enois of the Medians and of tile Difteienccs, and Coefficients of the 
Reliability of the Diffeiences are also piesented Foi example, eight 
men teachers latcd 84 boys and 85 guls on “Ability to Leam” (I), 
assigning them Median ratings of 7 06 and 7 23, respectively The 
Reliability of the Medians is repiesented by P/iV«i u and the Reliability 
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Differences between Ratings of Boys and Girls According to Sex of Teachers Central High School, 1925 
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'Note' Under the column headed “Diff ’ positive numbers indicate differences in favor of the girls and 
negative numbers indicate differences in favor of the bois 
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of the Difference between these Medians is lepicscntcd bv the / J £ n . 
the difference (D) between the Medians is consuleicd to be statistically 

significant when the ratio — is equal to 4 00 

PEjj 

The rated difference between boys and girls on Trait I, when the 
judges weie men teachers, is onlv 17 of a scale step The PE fl is 24 
The ratio, then, is 71, which indicates that this difteience is not 
statistically significant 

According to the figuics piesented in this table, there are veiv few 
statistically significant diffeiences between the ratings of boys and 
gills by men and women teachers Men teacheis late gnls superior 
to boys in all of the traits, but the difference is statistically significant 
only in then latings on "Capacity foi College Work" (VIII) 
Women teacheis judge girls to be supcrioi to boys in all the tiaits 
enumerated, and these differences aie statistically significant for three 
traits, "Ability to Learn” (I), "Industry” (III), and "Capacity for 
College Work” (VIII). Women teacheis judge the differences 
between boys and gals to be larger, relative to the ratings of men 
teachers, in but two traits, “Ability to Learn” (I), and "Indus¬ 
try” (III) 

The tested ability of boys and girls is represented by College Ability 
Test scores. According to these scores there is no significant difference 
between the sexes, but the tendency is in favor of the boys This is 
opposed to teacheis' estimates on “Ability to Leain” (I) 

Such diffeiences have been leported in othei investigations 
Cunningham (1), Hart and Oilando (2), and Paterson and Langlie 
(5) have all called attention to the “sex halo,” which is a tendency 
to late girls higher than boys, despite objective test lecords Paterson 
and Langlie, for example, pointed out that, whcicas 60 pei cent of the 
boys in high school semoi classes equal oi exceed the Median scoie of 
guls on "Intelligence" tests, only 40 pei cent of boys equal or exceed 
the Median score of girls in high school scholaiship They suggested 
that this paradoxical situation is due in pait to a tendency to over¬ 
estimate the pcrfoimance of girls iclative to bovs, because of certain 
"peisonality factors” such as “Scholastic Zeal,” "Dependability,” etc. 
Furthermoic, they presented evidence to show that some such factor 
is operative, by demonstrating that the use of "objective" achieve¬ 
ment examinations reduces and sometimes changes the dncction of 
diffeiences in achievement 
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It is suggestive that, accoicling to Table 6, although the differences 
between boys and girls in “Dependability” (V) are not statistically 
significant, boys tend to dustci very closely about their Median rating, 
while gills scattei over the scale to an extent about twice as gieat 
The Q’s of the distubutions of boys are .55 and 78, wheieas the same 
measures for gills aie 1 11 and 1 22 The opposite tendency is found 
in their possession of “Industry” (HI). These facts suggest that 
both men and women tcacheis judge boys to be uniformly "aveiagc” in 
"Dependability” (V), but scattered ovei the scale in then possession 
of "Industiy” (III) Gills aie uniformly "high” in thcii possession 
of "Industry” (III), but scattenng in then possession of "Depend¬ 
ability” (V) 

We found fiom the data of Table 6 that women teachers tended 
to rate the sexes as different in then possession of the traits studied to 
a greater extent than did the men teacheis, but that most of the dif¬ 
ferences were not significant, and one at least was contiaiy to fanly 
well established facts The data of Table 7 enable us to determine 
the extent to which men and women teachers agree in the ratings of 
boys and again of girls Foi example, we find that male judges assign 
hoys a Median Intelligence rating of 7 06 Female judges assign a 
Median rating of 5 87 or 1 19 less than that assigned by the men, 
despite the fact that the two groups of men aie practically identical in 
Median tendency when measured by an intelligence test, This dif¬ 
ference in ratings is the only statistically significant diffeiencc found, 
although there is a suggestion that women assign slightly lower latings 
on the average whether rating boys oi girls 

The findings reported in this section support the conclusion that 
personality ratings are influenced by a facto i which may be called the 
"sex halo” factor This is a tendency to late guls uniformly higher 
in personality traits, even when opposed to objective test scoies, and 
probably accounts in part foi the paiadoxical situation of a sex dif¬ 
ference in scholarship m favor of girls, as opposed to a sex diffeience 
in tested capacity, in favor of boys Since most high school teachers 
are women this tendency is even moie pronounced than it might be if 
half of the teachers were men, since, although men tend to be more 
lenient in rating both sexes, women aie more lenient m lating girls 
than in rating boys 

It is the opinion of the wiitei, however, that sex is not an extiemely 
important factoi in determining the reliability of ratings, except, pos¬ 
sibly, tor ratings in "Ability to Learn” (I), because of the marked 
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vailability of rating tendencies within both sexes. The individual dif¬ 
ferences within eitliei sex aie moie pronounced than aic the dif¬ 
ferences between sexes 

6. The Effect of “Correcting” tor Variability of Teachers’ 
Rating Tendencies 

If the lating by two judges on the same students aic alike m cvc-y 
respect, except foi location on the scale, we can ticat tlie latings statis¬ 
tically bv the Scott Company Method (4), and obtain reliable and 
compaiable results, 

The West High School teachcis included in tins study rated, on 
the aveiage, 47 students, a numbei sufficient!v great to justify an 
attempt to delennine the effect of a collection foi difteicnees in rating 
tendencies 

The latings on each tiait weie collected by the Scott Company 
Method, which may be desciibcd, as used m tins research, as follows' 
Ficquencv distnbutions of each teacher’s ratings on each trait, as well 
as total scoies, are plotted and divided into five parts The upper 10 
per cent of ratings on each distribution arc assigned to a letter giadc 
of A, the next 20 pei cent, a letter grade of B> the next 40 pci cent, 
C, the next 20 per cent, D , and the lowest 10 per cent are given an E 
lating In this manner, differences in tendencies to late “high,” 
“medium,” oi “low” piesumably aie equated The assumption undcr- 
lving this method of collection is that each gioup of subjects is a 
landoin collection of individuals, or at least selected in the same 
manner as eveiv other group, and that they arc equal in then possession 
of the peisonality traits included in the scale 

Lettci scoies mav be used statistically bv assigning values fiom 5 
to 1 foi the lcttcis A to R, lespectively Tins was done in tins research 
and conelations wcie then obtained between these “coi rectcd” scores 
and 'haw” scores- These cotielations (Pearson t) are presented in 
Table 8 

When scores are collected in the manner described above, there 
are very slight differences between the raw scores and the corrected 
scores as shown by the coriclations of about 90 The total scores in 
particular do not change significantly when corrected As might have 
been expected those ratings are least alike which are latecl least reliably 
as measured by scattering of Median iatings (See Standard Deviations 
of Table 4) 
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TABLE 8 


Coefficient of Correlation between “Raw” and “Corrected” Scores 
(W rsT High School) 


Tiait 

r 

Girls 

PE 

i 

Boya 

PE 

Both 

l 

PE 

I 

,86 

010 

90 

009 

88 

.007 

II 


005 

84 

014 

90 

006 

III 

.94 

005 

92 

007 

93 

004 

IV 

88 

009 

90 

006 

90 

006 

V 

83 

012 

85 

013 

8+ 

009 

VIII 

93 

005 

89 

010 

91 

005 

Total 

9+ 

009 

94 

010 

,91 

007 


Collecting ratings statistically in the mannei described does not 
seem to change the ratings to any marked extent since "conected” 
latings corielate veiy highly with unconected 01 "raw” scores In 
fact, the correlation between "coirected” and "raw” scores is much 
higher than the leliabihty coefficients of either kind of rating score. 

This fact leads us to conclude that tendencies to rate "too high” or 
to rate “too low” aie not sufficiently pronounced to necessitate a cor- 
rection pi acedia e. Such a conclusion is somewhat smpusmg m view 
of prevalent expectations that any group of tcacheis will almost in¬ 
evitably contain some who aie "easy markers” and some who are "hard 
markers ” It is possible, of course, that such a tendency does not dis¬ 
close itself in the initial stages of such a novel method of grading stu¬ 
dents as is afforded by a personality lating scale Perhaps, if such 
ratings were demanded as a loutine duty, such differential lating 
tendencies would emerge at a later date as attitudes of haishness or 
sympathy would have opportunity to ciccp into the whole lating 
procedure 

7 "Halo” as a Factor 

Other factois remaining constant 1 , that lating method is the weakest 
which yields high conelations between obviously unrelated traits The 
data for a study of this factoi include ratings fiom all thiee schools 
West, Cential (1925), and Humboldt. 

Inter correlations between latings on each tiait weie obtained to 
show the extent to which they lepresent the same charactenstics 
These intercorrelations were obtained by coirelating ratings on Trait 
I, for example, with ratings on Trait' II foi a group of pupils as af¬ 
forded by a number of different teachers. Since some pupils were 
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iated by moie than one tcachei such pupils’ latings are lcpresentcd 
moie than once. But we aie concerned here with the judgments that 
have been made. The correlations picscnted, accoidingly, show the 
degree of relationship between latings bv individual teachers on dif¬ 
ferent traits. 

Wc might have aveiagcd the latings of two oi thiee teachers in 
order to incieasc the reliability of ratings for each trait, but the num- 
bci of students who weie rated by moie than one teacher was not large 
enough to warrant such a procedure Furthermore, such a method of 
obtaining intercoi relations would piobably inciease the coefficient of 
con elation The measures were not collected for attenuation, since 
no true reliability coefficients weie available, no tcachei having iated 
the same pupils at two difteient times 

Bearing in mmd the fact that if our measures weie moie lcliable 
the intercorrelations would be higher, we will turn to Tables 9, 10 
and 11, which present coefficients of coirelation, showing the icla- 
tionship between unaveraged estimates of each trait 


TABLE 9 

INTERCOR.RLLATIONS OF RATINGS OBTAINED AT WEST HIGH ScHOOI 


Traits 

I 

II 

III 

IV 

V 

VIII 


Boy*,, 66 laluiRS on 47 ho\s 



I 


63 

39 

49 

29 

56 

II 

63 


47 

.51 

46 

52 

III 

39 

,47 


.72 

94 

72 

IV 

+9 

51 

72 


SO 

71 

V 

29 

46 

94 

80 


71 

VIII 

56 

52 

72 

71 

71 


Aa erage 

47 

52 

65 

65 

64 

6 


Girls, 74 latings cm 47 

Rills 



I 


79 

73 

75 

72 

X 5 

II 

79 


70 

88 

68 

79 

III 

73 

70 


80 

79 

82 

IV 

75 

88 

SO 


81 

83 

V 

72 

68 

79 

81 


78 

VIII 

85 

79 

82 

S3 

78 


Average 

77 

77 

77 

81 

76 

81 


High degiees of intciconelation between peisonality latings on 
different traits may mean one oi both of two things (tf) the scale used 
is pooily constiucted since the traits being rated oveilap to a marked 
extent, oi (&) the rateis have not analyzed then subjects sufficiently, 
but have judged them in each trait accoidmg to their own generalized 
attitudes town id them 
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TABLE 10 


Intercorrflations 

of Ratings Obiainbd 

at Centrai 

High 

School, 

1925 

Traits 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 



Boys 

, 210 

ratings 

on 80 boys 




I 


7S 

64 

,64 

43 

55 

48 

83 

11 

78 


58 

70 

39 

56 

.69 

,71 

III 

64 

53 


.65 

50 

28 

31 

60 

IV 

64 

70 

65 


,48 

59 

55 

61 

V 

43 

39 

50 

48 


27 

42 

40 

VI 

,55 

56 

28 

.59 

27 


84 

49 

VII 

48 

69 

31 

55 

42 

84 


63 

VIII 

S3 

71 

60 

61 

40 

49 

63 


Average 

62 

63 

51 

60 

41 

51 

56 

61 



Girls, 

290 

ratings 

on 134 girls 




I 


72 

64 

67 

57 

55 

57 

80 

II 

72 


.58 

78 

63 

64 

64 

69 

III 

64 

58 


70 

60 

,39 

48 

65 

IV 

67 

78 

.70 


77 

58 

64 

76 

V 

57 

63 

-60 

77 


.53 

72 

70 

VI 

55 

6+ 

-39 

58 

53 


77 

59 

VII 

57 

64 

.48 

64 

72 

.77 


70 

VIII 

,80 

69 

65 

.76 

70 

59 

70 


Average 

65 

67 

.58 

70 

.65 

58 

65 

70 


TABLE 11 


Intercom!.elation of Ratings Obtained at Humdotdt High School 


Traits 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

I 


61 

Boys, 30 
.55 

ratings on 
49 

30 boys 
54 

08 

45 

59 

II 

61 


.81 

59 

,65 

43 

70 

63 

III 

55 

SI 


67 

73 

23 

.64 

.75 

IV 

49 

59 

.67 


67 

34 

53 

70 

V 

54 

65 

.73 

67 


33 

54 

76 

VI 

08 

43 

23 

34 

33 


70 

17 

VII 

45 

70 

.64 

53 

64 

70 


44 

VIII 

59 

63 

75 

,70 

76 

17 

44 


Average 

47 

63 

.63 

57 

62 

33 

59 

58 

I 


90 

Girls, 60 ratings on 
.50 .55 

60 girls 

52 

79 

64 

,95 

II 

.90 


35 

62 

50 

82 

73 

76 

III 

50 

35 


49 

.66 

23 

73 

56 

IV 

,55 

62 

49 


59 

53 

53 

68 

V 

52 

.50 

66 

,59 


41 

51 

66 

VI 

79 

82 

23 

.53 

41 


72 

74 

VII 

64 

73 

73 

53 

51 

72 


63 

VIII 

95 

76 

56 

68 

66 

74 

63 


Aieragc 

69 

67 

50 

,57 

55 

61 

64 

71 
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I he constiuctioii of the scale upon winch ratings weie obtained m 
tins study aigues foi lack of extensive oveilapping m some of the 
traits at least “Ability to Lc.un” (I) is quite distinct from “In¬ 
dustry (II) foi example, as shown by May's study of the relationship 
between Hours of Studj’, Intelligence, and Scholarship (3) The 
con elation between “Homs of Study” and “Intelligence” was —0 35. 
The numbei of hours spent in study is one measuie of industimusness, 
at least as defined in the rating scale. The definition of “Industiv” 
is in tcims of “powei of concentiation and sustained attention as 
shown by perseveiance and application to studies” If mils of study, 
then, should be highly con elated with “Industiv,’’ and yet the coi rela¬ 
tion obtained between “Industiy” (III) and “Ability to Learn” (I) 
is positive West High School tcacheis* latings cm relate +0 39 fm 
boys and +0 73(!) foi guls Central High School tcacheis’ ratings 
on these two ttaits coitclate +0 64 foi both boys and guls, and 
ratings by Humboldt High School tcacheis on the same tiaits loiic- 
lale +0 55 and +0 50 foi boys and guls, icspcctivcly 

Fanly high inteicoi relations may be expected between some of the 
other traits, such, e g , as “Ability to Learn” (I) and “Initiative” (II), 
“Initiative” (II) and “Dependability” (V), “Industiy” (III) and 
“Scholastic Zeal” (IV), and “Capacity for College Work” (VIII) 
and all the other traits, though the piecise degree of coi lelation which 
should be expected would be difficult to determine 

The i a tings obtained fiom Cential High School and Humboldt 
High School contained a sufficient number of ratings on Tiaits VI 
and VII (“Outside School Interests” and “Civic and Business 
Interests”) to allow foi obtaining lehablc intei cm relations between 
these tiaits and the other traits 

Theie is no leason to expect that either of these tiaits should cor¬ 
relate with the other tiaits to any m,liked extent, since all of the other 
traits are aimed to differentiate good students fiorn pooi students No 
one has demonstrated that a high correlation exists between extra- 
curriculai activities oi civic and business activities and schul.itship 
But in these ratings the average intei correlations between Traits VI 
and VII arc almost as high as the average inteicoi relation between 
“Capacity foi College Woik” (VIII) and all of the othci traits, each 
of which presumably is indicative of general capacity for college work 

It seems probable that, although there is some overlapping of traits 
in this scale, the chief factor which causes high intercomclations is the 
“halo” factor This factor affects the ratings of guls more than the 
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ratings of boys In gcneial, this factor has operated to 1 educe the 
reliability of these latings as legalds specific tiaits, thiough obscuring 
critical analysis by the piesence of general attitudes In a later part 
of this study evidence will be piesentcd which will enable us to 
define more definitely the piobable basis of the geneial attitudes 
referred to. 

Summary 

Fiona the foregoing study of teacheis’ peisonahty ratings it appears 
that such ratings lack high degiees of ^liability, as evidenced by the 
following icsults. 

1 Skewed distributions of ratings me gene tally obtained, showing 
that teachers do not difteientiate equal degiees of possession of per¬ 
sonality traits fiom the lowest to the highest 

2 “Spread” of ratings vanes to a rnaiked extent fiom one teachei 
to another, though the variability of all latings by all teachers is ap- 
ptoximafely noimal 

3. Although gioups of teachers agiee on the relative degree of 
possession of peisonality tiaits by then students, individual teachers 
vary markedly in their tendencies to late “high,” "medium,” oi “low,” 
thus reducing the reliability and "comparability” of latings bv differ¬ 
ent teachers. 

4 Teachers weie unable to difteientiate diffenng gioups when 
lated one year apait In othci woids, they do not geneiallv shift 
their rating tendencies to confoim to group aveiages 

5. Sex differences in latings exist since both men and women 
teachers tend to late gills as superioi to bovs, even though test records 
show an opposite trend This factoi, however, is not very impoitant, 
since differences within either sex aie much moie pronounced than 
are differences between the sexes 

6. When ratings aie "coirected” ill order to i educe difteiences in 
rating standards the results are not markedly different fiom the 
original ratings. 

7 The "halo” factor is present in teacheis’ ratings and operates to 
reduce their reliability This factor affects the latings of girls to a 
greater extent than the ratings of boys 

It appears that there are a number of factors at work to i educe the 
reliability of teachers’ ratings of personality when those iatings aie 
obtained under usual conditions as they exist in large high schools, In 
order to increase the reliability of such estimates, careful training of 
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teachers in habits of obseivation and studv of individual differences 
among then pupils seems desirable and essential if we aic to obtain 
valid mcasuics of those personality traitb foi which there aic nmv no 
objective tests 
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SCHOLASTIC ACHIEVEMENT OF INDIAN PUPILS* 1 


l/mveisity of Oklahoma 


Harvey C. Hansj n 


Tiic American people, m assuming tlie oveiloidship of the western 
continents, fell heir to reuuient racial problems The early at¬ 
tempts at dispossession of the native inhabitants culminated m the 
Century of Dishonor ” Although this period has been succeeded by 
sevcial decades of altruistic endeavor on belulf of the Indians, it 
is gencially conceded that the natives are not yet thoroughly ab¬ 
sorbed into the Ainencan social fabnc Scientific investigators and 
lay friends of the Indian have advanced .1 numbei of reasons in at¬ 
tempting to account foi this fact Among those most frequently 
mentioned is the prevalence of segregated education of Indians 

A dep.ntuie of the last few yeais that has drawn much favoi- 
able comment is the popular trend toward the inclusion of Indian 
children in the public school system In Oklahoma, where approxi¬ 
mately one-tluid of the nation's Indians live, 85 pci cent of the 
Indian pupils aic now enrolled in the public schools. This changed 
situation has given rise to questions concerning the success with 
which white and Indian childien are being educated together in these 
schools 

To provide a partial answer to these questions, certain aspects of 
the compaiative achievement of 529 Indian children cmollcd in 
public schools, 507 of then white classmates, and 516 Indian board¬ 
ing school students wcie investigated Clnldicn selected fiom 34 
public schools and seven boarding schools were subjected to achieve¬ 
ment tests. To make the public school Indian group as icprcsenta- 
tive as possible, city, village, consolidated, and onc-ioom unal schools 
were included in tire testing The study covered a major portion of 
those sections of Oklahoma which have any considerable number of 


•Received in the Editorial Office on December 11, 1936 
*A ieport of a field study on which was based a thesis presented for the 
degree of Doctor of Education at the University of Oklahoma in 1935 Ac¬ 
knowledgment is made of the guidance of Dr John F Bender, who directed 
the study, and of the advice of Dr Hetlry D Rinsland, who aided in the 
statistical treatment of the data 
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Indian children in the public schools The larger public schools at 
which tests were given included those at Pryor, Pawnee, Hominy, 
Pawhuska, Stihvell, Tahlequah, Castle, and Anaclarko, and the 
training school at Noitheastern State Teachers College 

At scores of schools the extent of Indian enrollment was investi¬ 
gated Whenever a public school with a number of Indians in 
attendance was visited, all of them were tested. At the same time 
appioximately equal numbers of white pupils enrolled in the same 
grades were examined Those selected veiv adequately represented 
their respective racial types 

The Indians were i epresentative also from the tribal standpoint, 
for they came fiom 21 tribes 

To facilitate closer analysis, the data concerning Indian pupils 
of half blood were separated from those pei taming to full blood 
Indians Table 1 gives the number and the mean age of the pupils 
tested in each school-iacial group. 


TABLE 1 

Number Tested and Mean Ace ior Five School-Racial Groups 




Half blood Indians 

Full blood 

Indians 


White 

Public 

Boarding 

Public 

Boarding 


pupils 

school 

school 

school 

school 

Number 

507 

1+5 

93 

38+ 

423 

Menn age 

9.5 

10 2 

11 9 

10 7 

121 


Testing Material 

The seventh, oi Apnl, examination of the Oklahoma edition of the 
Tuicy Short Ansivei Tests was used (10). Each examination pro¬ 
vides from foui to seven subject tests for each grade There were 
8266 sepai,ite subject tests scoied 

The Tracy Tests weie chosen in preference to any of the published 
achievement tests which are nationally standardized because the for¬ 
mer have a curncular validity m Oklahoma that piobably is not 
approximated by any other published test that could be used for all 
elementary grades The nationally standaidized tests base their 
norms on the average peiformance of thousands of subjects who 
have used a great variety of texitbooks, but they aie relatively 
invalid for testing pupils who have used textbooks adopted in a given 
state. In the Tracy Tests, on the other hand, the questions are 




II \RVEY C II \NSI N 


m 

based on the prcscnbed textbook and state com sc of study material 
covered (lining the preceding four weeks The teachcis’ compliance 
with state aequuements is not perfect, but variations fiom school 
to school affect white and Indian pupils’ test scores to approximately 
the same degree. 

The validity of the Tracy Tests for tile paiticular aim of tins 
study was enhanced because their use minimised the effect of those 
differences in ability between Indian and white pupils which aic due 
to general environmental factois The use of nationally stamhudized 
tests would have given the white pupil, with his wulei exposure, a 
bettei opportunity to make a high grade nicicly because of Ins wider 
knowledge That is, his cxtisi-cunicular, and especially his extra- 
textbook, learning would have been capitalized to a gic.itei extent 
if he had been answering the questions of a test not so closely allied 
with the textbooks in use in the schoolsoom. The Indian child de¬ 
pends for a greater pioportion of his exposure upon actual school¬ 
room situations, including the specific subject matter of the textbooks 
he is using Tlicrefoie, more neatly perfect curricular validity of 
the testing instruments opeiates to place the Indian child moie 
nearly on a par with his white classmate 

Comparative Achievement of Five School-racial Groups 

In Table 2 is picsented a summary of data seemed The scores 
for the various grades have been averaged for each subject and for 
each of the five school-i acial groups 

The white pupils, although the youngest, with an average age of 
9 5 years, secured a mean scoie of 112, the public school half 
bloods, eight months older, a score of 10 7, the public school full 
bloods, foui teen months older than the white pupils, a score of 9 2. 

The boarding school pupils, two and one-half years oldci than 
the white pupils and one and one-half years older than the public 
school Indians, secured scores of 10,0 for the half bloods and 9 3 for 

the full bloods. 

Considered subject by subject, it is found that the general trend 
of the group averages of the composite mean scores is followed more 
or less closely by the individual subject scores Reading is a partial 
exception, as in this subject the public school haLf blood Indians scored 
higher than the white pupds. Wilting presents an interesting vana- 
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TABLE 2 

Composite Mfan Score by Subject, Group Averace, Standard Deviation 
or Group Average, and Cou picient or Variation, dy Group 

Composite mean score 

White pupils Half blood Indians Full blood Indians 
Public Boarding Public Boarding 
Subject school school school school 


Spelling 

1+4 

24 I 

11 5 

11,8 

1 09 

Writing 

102 

11 1 

11,5 

10 5 

10.9 

Reading 

8 9 

9.1 

7 8 

6 1 

65 

Arithmetic 

9 7 

80 

96 

7 1 

8 6 

Language 

11.5 

10 2 

86 

9 0 

8 1 

Social science 

11.3 

97 

9 3 

9 5 

90 

Physiology 

15 3 

14.2 

114 

12 2 

11 8 

Group average 

11 2 

10 7 

10 0 

9 2 

9 3 

Standard deviation 

70 

6.7 

63 

6 9 

7 0 

Coefficient of variation 

62 5 

62 6 

63 0 

75 0 

78 7 


tion, for cadi one of the Indian groups tests higher than the white 
gioup, as scared on the nationally standardized Practical Hand- 
wiiting Scale (11). 

The coefficients of vanation foi the two full blood groups are 
considerably higher than those for the other groups. This situation 
is a natuial concomitant of the oveiageness of many of the full blood 
Indians, as the letnidation of a poition of the group causes the scores 
to have a widei lange 

Comparison of Threl Public School Racial Groups 

Because state adopted texts weie not so caiefully followed in 
the boarding schools as in the public schools, and also because 
the pupils in the boaiding schools weie taught by diffeicnt teachers 
and under different instiuctional suiioundings, the boarding school 
data do not have the validity that the public school findings possess. 
Thcrefoic, to peimit a mote exact statistical treatment of the differ¬ 
ences of the means, the scores of the three public school gioups were 
compared with each otliei, with the boaiding school data eliminated 
fiom considciatiun 

Table 3 gives the mean age of each of the tlnee public school 

glQUpS 

The numbci of tests administered in each gioup, enumerated sub¬ 
ject by subject, is given in Table 4 The composite mean scoics 
and the standard deviations—data needed in calculating the stand- 
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TABLE 3 

MPA.N Agp ros Tiirep Pum IC Schooi Groups 



White pupils 

Half blood Indians Full blood Indians 

Mean age 

9 5 

102 107 


TABLE + 

Number of Tlsts tor Tinirr Pubuc Schooi Groups u\ Suujicr avid Group 

Numbti of tcsls 

Subject White pupils Half bloncl Indi aus Pull blood Indians 


Spelling 

505 

US 

382 

Willing 

505 

1+5 

376 

Reading 

507 

1+5 

378 

Ai ithmetic 

507 

1+5 

382 

Language 

285 

98 

19+ 

Social science 

218 

71 

118 

Physiology 

16+ 

51 

117 

Total 

2691 

806 

1977 


TABLE 5 



Composite Mean Score and Standard Deviation ior Tiirfe Punne Schooi 
Groups by Subject and Group 

White jmpils Half blood Indians Full blood Indians 


Subject 

Composite 
mean scoi e 

SD 

Composite 
mean store 

s v> 

Composite 
mean score 

SD 

Spelling 

1+ + 

8 + 

1+ 1 

7 6 

11 8 

78 

Wilting 

10 2 

77 

11 1 

77 

10 5 

8 + 

Reading 

8 9 

5 1 

9 1 

3 0 

6 1 

5 2 

Arithmetic 

9 7 

6 + 

8 0 

6 3 

7 1 

6 2 

Language 

11 5 

58 

102 

5 3 

90 

5 3 

Social science 

11 3 

5 8 

97 

5 3 

95 

3 9 

Physiology 

15 3 

5 1 

1+2 

S 0 

12 2 

5 + 

Group average 

11 2 

7 0 

10 7 

6 7 

92 

6 9 


aid cirors of the means and thence tile standard tirois, of the differ - 
cnccs—-die shown in Table 5 

Table 6 shows the algcbiaic ditfeicnces between the lcspectivc 
mean scoics of the white pupils and of the public school li.ilf blood 
Indians, togcthei with the significance of the differences expressed 
as chances in 100 of tiue difteienccs 

It is to be noted that when the “difference” column c.nrics a minus 
quantity, m the “chances” column the coiicspomlmg number indi¬ 
cating chances m 100 is undethned Such an unde limed number 
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TABLE 6 

Difference and SiGNiFiCANcr or Difference between White Pupils’ Com- 
posite Mean Subject Score and Public School Half Blood 
Indians’ Composite Mean Subject Score 


Composite mean subject scoie 

Difference Chances 

Difference Standaid divided by in 100 

(White minus criorof S D of of true 

Subject half blood) difference difference difference 


Spelling 

3 

Writing 

— 9 : 

Reading 

— ,2 

Arithmetic 

1.7 

Language 

1 3 

Social science 

1 6 

Physiology 

1 1 



•An underlined number is to be read as chances m 100 that the true 


difference will favoi the second-—that is, the half blood group 


indicates the chances in 100 that the tiuc difference will favor the 
second—that is, the Indian—gioup, 

Accotdingly, the table indicates that there me 65 chances in 100 
that white children in Oklahoma schools will leceivc bettei spelling 
scoies than will theii half blood classmates, but there are 90 chances 
in 100 that the supenoiitv will be reveised in the case of writing. 
There is a practical ccitainty that scoies in anthmctic, language, 
and social science will favor white childlen On the other hand, 
there is bettei than an even chance that the half blood Indians, with 
their eight additional months of chronological age, will secure 
higher reading scoies than the youngei white children. 

In Table 7 is found a comparison between public school white 
and public school full blood Indian scores Tire white pupils’ scoies 
significantly exceed the full bloods’ scoies in every case except in 
writing, where the difteience is reversed 

Table 8 reveals the degiee of overlapping that is found when the 
white pupils’ distribution is compaied with that of each of the 
Indian groups The difference between the mean scoie of the white 
gioup and the mean score of the half blood gioup is 5 This is 
divided by the standaid deviation of the scores of the half blood 
group, or 6 7, which gives the quotient 07 This repiesents the 
difference between the means in terms of the standard deviation. 
Then a standaid table of areas of the noimal piobability curve is 
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1 ABLE 7 

DlFFERPNCF AND SlCNlHCANCE OF DlFrfcRLNCE ULTWEt N WHITE PuPIIS’ COM¬ 
POSITE Mean Sunjpci Score and Punuc Schooi Fun, Hiood 
_ Indians’ Composite Mfan Suiijfct Score 


Subject 


Composite mean subject score 

Difference 

Difference Standard divided by 

(white minus emu of SD of 

full blood) diffcicntc difference 


Chances 
in 100 
of inn 
difference 


Spelling 

Writing 

Reading 
Arithmetic 
Language 
Social science 
Physiology 


2 6 

6 

4,3 

100 

- .3 

5 

— 6 

73* 

2 S 

4 

7 0 

100 

2 6 

4 

(> 5 

100 

2 5 

5 

5 0 

100 

1 8 

S 

3 6 

100 

3 1 * 

€ 

5 2 

100 


_*An underlined number is to be rend as chances in 100 that the true 
difference will favor the second—that is, the full blood group 


TABLE S 

Percentacf of IIaif Biood and of Fuil JJi ood Pum ic Sciiooi Indians 
Whose Individuai Mean Scorls Equal or Exci cd 


Compositf Mean Score of Whitf Group 


White 

While 


and half 

and full 


blood groups 

blood group: 

Composite mean score 

While 11 2 
Half 10 7 

White 11 2 
Full 9 2 

Difference between means 

Standard deviation of composite 

5 

20 

mean score of Indian group 

Difference between two means in 

6.7 

69 

terms of standard deviation 

Difference between two means in 

07 

29 

area of normal distribution 

Peicentage of Indian group equaling 

2 S% 

114% 

or exceeding mean of white gionp 

47 2% 

38 6% 


entered in terms of the standaid deviation, this proccdme yielding 
the difference between the means as a percentage of the half blood 
normal dhtnbution If this 2 8 pci cent of the Indian group be 
subtracted from the 50 pci cent that lies above its own mean, the 
resulting lemamder indicates that 47 2 per cent of the Indian group 
lies above the mean of the white group 

By the same method of computation it is found that 38 6 dci 
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cent of the individual full blood Indians leach 01 exceed the aver¬ 
age perfonnance of the white pupils 

Appraisal and Conclusions 

Tlicie aie certain difficulties which aic fietiuently encountered 
in the cariving out and interpretation of comparative 1 acini studies 
of school achievement Races aie in a state of flux, theie is racial 
feeling, either of antagonism or of inferiority, language handicaps, 
especially in the case of bi-lingual subjects, affect the lesults, irregular 
attendance conceals potential achievement; the incentive to learn 
may be lacking In shoit, it is frequently declared that the entire 
pattern of home and community environment is such that no attempt 
can be made to equate racial gioups (1, 2, 5, 9, 12) 

While acknowledging the truth of the pi incipies stated above, it 
should be noted, in appi,using the lesults of this study m so far as 
they relate to Oklahoma public school pupils, that the Indian child 
is taken as lie is, as a mattei of choice He is tested in the setting 
in which he is found, both because that is wheic he can the most 
easily be tested and also because the purpose of the investigation is to 
ascertain how successfully he and his white classmates are being 
educated togethei Whatevci the cause may be, if the Indian’s test 
score is low, so also is his giadc of achievement in his oidinmy school¬ 
room work The examination is a real measure of his usual 
scholastic success 

The data presented appear to justify the following conclusions 

1 No clear-cut difteience in achievement between public and 
boaidmg school pupils of Indian blood is levealed (8) The public 
schools seem to serve the academic needs of the youngci, more able 
Indian pupils, the boaiding schools, the requnemcnts of the older, 
moic retarded pupils 

2 In the public schools theie is a very definite supeiionty in 
the general achievement of the white child as compaied to that of 
the half blood Indian A gieatei difteience is found when the 
white child's scholastic success is compaied with the full blood’s 
In eveiy subject except writing the white child excels, with the 
cliffeienccs statistically reliable This situation, combined with the 
disparity in ages, introduces an element of heterogeneity into the 
public schools that may have a detrimental effect upon instruction 

3 The data secured in this investigation aie cntuely consonant 
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with tile lesults of many uuhci studies which have been icvurwcd, 
foi the seconthtry data show, almost mvauably, a high pcicmitage of 
retardation (8), and a low level of measuied intelligence of Indian 
pupils (3, 4, 6, 7) T. Ins intellectual and school achievement status 
is due to the entire socto-racial pattern of influences which beir 
upon Indian pupils The reality and icbitivc weight of those factois 
which may be biologically innate remain undetermined 

4 1 he marked vanahihtv of scores within the full blond gioups 

and the high pciccntage of ovciLipping of white scoie* hy Indian 
scores is suggestive While the majonty of the Indian pupils tend 
to lower the average pcifoumnce of the grades and schools of 
which they aie mcmbeis, a few individuals among them do excellent 
work and picsent no administrative problem They have possi¬ 
bilities as future leader and citizens 
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THE DEVELOPMENT OF VISUAL ACUITY IN THE 

CAT* 

Uinvirsity of Rochestet 


J W'UIKENTIN AND K U. SMITH 


I Introduction 

In recent ycais the fact has become mctcasmglv evident that the 
complex nature of vision in the adult mammal must be understood 
partly in terms of the growth and development of visual capacity in 
ontogeny. Animals of the same species vaiy greatly at different 
ages in their capacity to respond to visual and otlici types of external 
stimulation, and these differences may be shown to be m part a func¬ 
tion of the past histoiy and development of the individual. The 
character of vision in the adult mammal thus represents an integra¬ 
tion of physiological processes which have passed through various 
stages of development rn the life history of the organism The 
description of these stages of development of visual capacity and asso¬ 
ciated physiological changes constitutes one main aspect of the general 
problem of vision 

Although mimeious studies have been made of the ontogenetic 
development of visually deteimined responses in animals, the relation 
between the appearance of such reactions and the sensory capacity 
of the organism is not yet clear. This lack of knowledge may be 
attnbuted largely to the absence of methods which will permit quan¬ 
titative measurements of visual capacity during the eaily penod 
of growth In the piesent study a method is described which makes 
possible the quantitative determination of visual acuity in young 
mammals and results arc piesented concerning the relation between 
visual acuity and the development of certain visually determined 
reactions in the cat 

II Prior Studies of the Ontogeny or thf Visual 

Mechanism 

Several approaches have been utilized in the attempt to ascertain 
the character of visual development in different animals. Usually 

^Accepted for publication bv Leonard Carmichael of the Editorial Board, 
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these techniques were not originated specially for use in a study of 
ontogenetic development, but rather in phylogenetic studies. Thr 
techniques used up to the present time in such studies may be grouped 
under three headings, (a) Experiments centci mg about the obsciva- 
tion of the development of vanous lesponses dining the process 
of growth, (i) studies of the electrical excitability of the cortex 
and other ncivous structuies at different ages, (c) investigations of 
the degree and sequence of myelmation of tracts in the nervous 
system, especially that part of the nervous system related to the optic 
connections. 

Table 1 summanzes some of tile experimental results bearing upon 
the development of visually controlled behavioi and othei growth 
changes associated with vision in noimal animals Although incontest¬ 
able conclusions concerning the development of vision in ontogeny can¬ 
not be derived from these data, they emphasize further the extensive 
variations occurring in animals at diffeient stages of growth A 
more detailed account of the liteiature related to the present problem 
is piesented in the following paragraphs 

1. Behavioral studies. The investigation of the ontogeny of 
vision consists in the detennination of the sequences of growth which 
lead to the appearance of visually controlled behavior. It is neces¬ 
sary to realize that the word "vision” is used to chaiacterize a number 
of different types of behavioral adjustments, ranging fiom closure 
of the pupils to the highly verbalized perceptual reactions of the 
adult human individual. The study of the ontogeny of vision there¬ 
fore entails a consideration of the development of the many diffeient 
aspects of behavioi which arc subject to visual contiol 

Beginning with repoits regarding the ontogeny of vision in the 
lower mammals, it is found that Small (37) obseived that young 
albino rats open their eyes at the ages of 15 to 17 days, give lid 
reflexes to light at the age of 17 days, and only at a latei tune 
respond to moving objects by means of visual pursuit reactions 
Tilney (42) observed that the eyelids open at the age of 14 to 17 
days in the rat Visual puisuit reactions of the head and cyc& 
occurred as soon as the eyes were fully open, but at this age vision 
did not seem to be involved in the general behavioral adjustments 
of the animals Turnci (45) studied the development of vision m 
rats by means of a technique in which the animals were required 
to discriminate the position of a black exit door in an othei wise 
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brightly lighted field. The results of this expenment indicate a 
definite difference between the ability of young rats to find the exit 
dooi befoie and after the eyes open Even if the eyes opened early, 
theie was evidence of infenoi distance vision up to the age of 16 or 17 
days 

Wesley Mills (28) carried out some of the first observations on 
the ontogeny of vision in neonatal animals In observations of 3 
guinea pigs he found that the eyes were open at birth, and that 
the lid reflex to light was present also at that time Visual pursuit 
reactions were observed in these animals when they were 2 days old 
Some years later, Avciy (3), in a study of scveial late guinea pig 
fetuses, found that the eyes were opened at gestation ages between 
55 and 59 days, that the pupil i espouse to light was present at 59 
days, and that visually determined avoidance of obstacles took place 
at 63 days of age Newborn guinea pigs had then eyes open and 
gave pupil and lid response to light. In a still more recent study of 
fetal guinea pigs, Carmichael (7) found that, if the eyelids were 
surgically opened, eyeball movements coi related with light stimula¬ 
tion were observed after the gestation age of 45 days Responses of 
the iris to light were observed at 41 to 45 days gestation age 

In a study of two young rabbits, Mills (28) found that the ani¬ 
mals opened their eyes between the ages of 10 and 12 days, and gave 
visual pursuit reactions at the age of 22 days. Magnus (24) found 
the eyes open at the age of 8 days in 4 rabbits. He also observed 
that air righting reactions, which are in part visually determined 
(Mullci and Weed, 30), were piesent at the age of 18 days. Kao 
(36) observed the pupil response to light in rabbits on the same day 
that the eyes opened, l c., at the age of 12 days. 

Mills (28) also investigated the development of 7 St Bernaid 
puppies and of 7 mongrel puppies The former opened their eyes 
at the age of 13 days, and visual pursuit movements appeared at the 
ages of 18 to 23 days The mongrel puppies opened their eves at 
the age of 10 days, gave the lid reflex to light at 20 days, and visual 
pursuit movements also at the age of 20 days Michadow (27) 
found that pupil contraction to light in dogs with operatively re¬ 
moved eyelids was present at ages between 5 and 7 days A kitten 
studied by Mills (28) opened its eyes at the age of 10 days, gave 
lid reflexes to light at the age of 11 days, the pupil reflex at the 
age of 12 days, and visual puisuit movements at the age of 14 days 
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Tilney and Casamajor (43) state that the eyes open on the seventh 
ay in the kitten, that the pupil response is present at that same age, 
ut that visual pursuit reactions could not be elicited until the age 
of 14 days Langworthy (20), observing several kittens, found that 
the eyes opened at ages between 6 and 10 days. At the age of 14 
days the kittens gave visual puisuit reactions, while the air righting 
reflex was developed during the fourth week of life In a large series 
of kittens, Wmdle (49) obseived that the eyes opened at ages be¬ 
tween 7 and 10 days, at which time the pupil response was also 
present Contiaiy to the observation of Mills, he found that the 
lid reflex to a bnght light was active at birth At 14 days of age, 
Vvindies kittens avoided objects visually, at 15 to 21 days they 
gave visual puisuit reactions, and cluiing the fouith week they 
developed the falling leflex 


Two studies are available on the development of visually deter¬ 
mined responses of infra-human pnmates. Tinklepaugh and Hait- 
man (44), in observations on 3 monkeys, determined that the pupil 
reflex to light was present at the ages of 2 to 3 days The lid 
response was observed only on one monkey, and then at the age of 
° days. Visual pursuit movements could be elicited at ages of 
5 to 11 days, but such lcsponscs could ncvci be obseived if a striated, 
rotating visual field was presented to the animals. This latter 
aspect of the experiment of Tinklepaugh and Haitman seems diffi- 
cult to explam in the light of the results of a similar experiment 
by McGinnis (25) on the human infant, in which it was found that 
oculocephalogync responses were induced by rotating the visual field 
Another experiment is that of Jacobsen, Jacobsen, and Yosluoka 
(15), who observed an infant chimpanzee fiom the tunc of birth 
L was found that the lid leflex could be elicited during the first clay 
Pupillary conduction to bnght light was also seen on the fiist 
day. Although this icaction was quite weak at such an early age, 
it became more and moie definite duung the first week of life' 
Visual pursuit movements were seen at the age of about one week 
A large number of observations of the development of visually 
determined responses have been reported in studies of the human 
infant, but the majority of these studies were not carried out under 
controlled experimental conditions and tile results are consequently 
of qualitative nature The literature pertaining to studies of the 


appearance of the pupillary and lid reflexes, fixation, conjugate eye 
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movements, visually determined grasping reactions, and other types 
of visually determined behavior have been summarized by Jones 
(16), Pci per (31), McGinnis (25), Shirley (36), and Pratt (32) 

The experiment of McGinnis (25) has already been mentioned 
It is of special interest because this author was able to elicit ocu- 
loccphalogyric responses in. human infants during the first 12 hours 
aftei birth Although these responses seemed to be weak and infre¬ 
quent at this time, they became more definite as well as more fre¬ 
quent with increasing age Successful ocular pursuit movements 
were observed by tbe age of 2 weeks, and by the age of 6 weeks these 
reactions were quite legulaily elicited 

2, Electrical Stimulation Experiments Although studies on the 
electrical excitability of the coitex and of other neural structures 
constitute what may be considered as an indirect appioach to the 
problem of the appeal ance of visual function, they shed valuable 
light on the neural mechanism involved in the development of 
visually determined leactions. 

One of the eailiest studies of the electrical excitability of the coitcx 
of v&ung mammals is that of Soltmann in 1876 (41) He seemed 
to find a cor i elation in time between the opening of the eyes in young 
dogs at tbe age of 8 davs and the Hast tesponses of the forelimbs which 
could be elicited by cortical stimulation at the age of 10 day's. More 
recently, Michailow (26) peifoimed a number of careful observa¬ 
tions on the electrical excitability of the coitex in young dogs. In 
puppies less than 24 houis old this mvestigatoi was able to elicit 
turning of the head in a horizontal plane, contractions of the neck 
muscles, and raising of the head At the age of 3 days, electrical 
stimulation of the cortex elicited lateial movements of the eyes, which 
were often combined with movements m a vcitical plane Two 
davs later, Michailow saw turning of the head about the body axis 
and closing of the eyelids. At the age of 9 days stimulation elicited 
enlargement of the pupils, while conjugate movements of the eyes 
appeared at the age of 10 day's This study appears to be one of the 
first reported in the literature which presents an analysis of the cor¬ 
tical centers fiom which eye reflexes and head movements could be 
elicited in young mammals Michailow (27) also earned out a study 
of the pupillary reflex in 18 puppies After removing both upper 
and lower eyelids in the young dogs, Michailow exposed the vago¬ 
sympathetic nerve on one side of the neck, and stimulated the nerve 
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electrically He found no evidence of normal eye reflexes at birth, 
but observed that these developed at vanous ages after butli The 
nictitating membrane leflex was the first eye reflex to be elicited 
by stimulation of the nerve, and was piesent at the age of 3 days 
After the age of 5 days the pupils began to respond to light, hut stimu¬ 
lation of the nerve did not elicit pupil responses till the age of 
7 days At the age of 7 to 8 days, forward movements of the eye¬ 
ball could be elicited by stimulation of the vagus nerve Weed and 
Langworthy (47, 48) studied the elcctncal excitability of the coi- 
tex in the opossum and m the cat In the opossum they found 
responses of the forelegs at the age of 23 days, long before the eyes 
opened Eye movements could not be cotticaily elicited before the 
age of 76 days, after the eyes had been open for some tune. In 
the study of the cat a similar result was secured, in that elcctric.il 
excitation of the coitcx elicited foieleg responses at butli, but tire 
eyes did not open until the animals had reached an age of from 
7 to 9 days 

3 Myelinization Studies Although the nivelmization of nervous 
tracts has never been fully accepted as a criterion of nervous func¬ 
tion, it has ncveithcless been unrelated in several experiments with 
stages of visual development m young animals. In 1896 Held (14) 
attempted to prove his theory that the degree of myelinizntion is an 
index of nervous function and that conversely, impulses passing 
over nerve tiacts exert a myelin-forming influence on such tracts. 
Held opened the right eyes of rabbits, cats, and dogs soon after 
birth, exposed these animals with one eye open to light for periods of 
time varying from 5 to 60 hours, and then examined the degree of 
myelinization of the optic neives In each animal examined he found 
that the right optic nerves showed a moic advanced degree of 
myelinization in companson with the left optic nerves. Results of 
somewhat similar significance were obtained by Berger (6) He 
sutured the eyelids of 3 dogs and 4 cats, and found that, when these 
animals were killed and their cential neivous systems examined at 
ages vaiying from one to 10 months, the gyn and cells of the 
cortex which arc involved in visual lesponscs were definitely under¬ 
developed 

Although sucli investigators as Allen (I), in her work with 
guinea pigs, and Angulo y Gonzales (2), in his work with rats, have 
found functional activity in nerve tracts before they were myelinated, 
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thus proving that myelinogeny is not an absolute index of behavioial 
capacity, findings to the contrary must also be taken into considera¬ 
tion. A much quoted experiment dnectly related to the present study 
is that of Tilney and Casamajor (43) on the development of behavior 
in kittens These authors observed the development of kittens from 
birth till the age of about one month. Aftei observation of some 
new increment of behavioral development the central nervous system 
was examined fm the relative degree of myehnization It has been 
noted above that they found that the eyes opened during the seventh 
day in the kitten, an observation which fails to agree with the ages of 
opening of the eyes noted by other investigators The numbei of ani¬ 
mals used is not stated Tilney and Casamajoi conclude that the expla¬ 
nation of the eve opening leaction is to be seen in the myehnization of 
fibers in the optic tincts. On or about the sixth day they found the 
fibeis constituting the optic chiasm and tract fairly well myelinated. 
They found further that only pupillary fibers are myelinated all 
the way from the retina to the oculomotoi nucleus at tins age, a fact 
which is mtci picted by Tilney and Casamajor to be the explanation 
of the appearance of the pupillary and lid leflexes at the time when 
the eyes arc opened No other visually determined behavior was 
seen until the myehnization of the optic fibers up to the superior 
colliculus, lateral geniculate body and the pvdvinai at the age of 
14 davs. At this time the first oculocephalogvnc leactions weie 
elicited, hut only in the horizontal dnection Vertical pursuit move¬ 
ments were seen on the following day 

Langworthv has earned out seveial expenments ielating to the 
correlation between myehnization and the appearance of neural 
function. This author (18) found all cianial nerves of 3 kittens 
myelinated dunng the first day after biith In a study of the young 
opossum, Langwoithy (19) found complex activity in this animal 
at the time of birth, a time before theie was any evidence of myelin 
formation on nerve tracts In the opossum, fibers connected with 
the oculomotor nerve first showed tiaecs of myelin at the age of 41 
days By the age of 46 days all cianial neives showed evidence of 
some myelin, but at 56 days there was still no myelin present on the 
optic tracts. At the age of 62 days one animal had its eyes open, 
and the optic tracts weie beginning to myelinate up to the superior 
colliculus At the age of 64 days optic fibers were definitely 
myelinated to the lateral geniculate body At 76 days it was ob- 
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seived that the nerves of the extra-oculai eye muscles had a few 
myelinated fibers Langworthv concluded that the opossum is capa¬ 
ble of complicated reflex activity before any mvcl,mated libers arc 
present, and that the con elation between the development of function 
and myelinization is certainly suggestive, hut by no means positive 
In a further study of kittens, Langwmthy (20) ameliorated the 
findings of Tilney and Casamajor (43), that the establishment of 
reflex connections of myelinated optic fibeis with the oculomotor 
nucleus bungs about the opening of the eves. Langvvorthv observed 
that the eyes opened at the ages of 6 to 10 days, that visual pursuit 
responses occur first at the age of 14 (lavs, and that a.r righting 
develops between the ages of 21 and 27 days The number of 
kittens used in this study is not given, nor is Langworthv’s evidence 
on the physiological basis of the opening of the eyes entirely clear 

The experiment of Fish and W.ndle (S) on the effect of mtatory 
stimulation of the movements of the head and eyes in young kittens 
does not relate driectly to the present lcview, but the conclusion of 
these authors regarding the effect of surgical opening of the eyelids 
is of interest In 31 kittens they opened one or both eyes before the 
age of 3 days and found that the appearance of ocular movements 
seemed to be precocious as a result of a veiy early opening of the lids 

Two additional recent studies will end this review Goodman 
(10) kept 9 rabbits of one littei in a perfectly dark room from 
birth until the age of 5 to 6 months When the animals were first 
exposed to light stimulation, they gave evidence of good lid and 
pupil reflexes Goodman concluded that complete lack of optic 
stimulation in labbits fiom birth to the age of 5 or 6 months did 
not significantly retard either the functional capacity or the degree 
of myelinization of the optic system of these animals However, one 
of the animals used by Goodman required approximately 2 weeks in 
ordei to develop normal visually determined reactions In the 
same connection the study of Mowrei (29) on pigeons is significant 
Young pigeons were raised with the lids sutured till the age of 6 
weeks When exposed to light at this age, the animals gave good 
pupillary reactions to light, but showed only very feeble optic 
nystagmus and no visually determined avoidance reactions. Normal 
avoidance and nystagmus responses appeared within 3 days after 
the eyes were opened 

From the foregoing review of these studies it is seen that the fact 
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is not yet proved that myelinization is an infallible index of the 
beginning of nervous function, and that the use of myelinization as 
a criterion foi judging the beginning of function may be open to some 
question. 

III. The Present Investigation of the Development of 
Visual Acuity in the Cat 

1 Problems. The best conclusion which can be reached from a 
consideiation of studies reviewed in the last section is that, m different 
species of animals, vanous visually determined leactions appear at 
different ages, and that Hhe appearance of these reactions may he 
correlated to some extent with such physiological factors as myeliniza¬ 
tion and coitical excitability However, none of the investigators 
cited and none to the writer’s knowledge have made an attempt to 
investigate the relation between the development of visually con¬ 
trolled behavior and the measured sensory capacity of the animal at 
the time of observation Consequently, it is not known whether the 
development of vision in ontogeny consists only in the addition and 
integration of newly acquired patterns of response, as many investi¬ 
gators seem to believe, or whether such growth involves the gradual 
increase in acuity of vision in responding to diffeiences in light in¬ 
tensity, visual patterns, and wave length. Furtheimore, the question 
has also remained unanswered as to tile degree of acuity of vision 
associated with the development of different visually determined 
reactions 

In the present study experimental lesults are described which bear 
directly upon a number of such unsolved problems. Specifically, 
the following questions have been considered: (1) At what age in 
the cat can visually controlled oculocephalogyuc responses be 
elicited' 1 (2) What is the visual acuity of the cat, measuied by 
means of the aculocephalogvric response, at the time of the onset of 
these reactions' 1 (3) Does the visual acuity of the animal improve 
gradually in time from the date of the onset of visually controlled 
behavior? (4) What relation exists between opening of the eyes and 
the development of visual acuity in the cat? (5) What relation 
exists between visual acuity and the date of appearance of visually 
controlled placing responses of the forehmbs in the cat? (6) How 
extended is the period of the development of these phases of visually 
determined behavior in the young kitten? 
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2. Apparatus and Technique In the present investigation a 
method was employed which involved the obseivation of compensa- 
toiy cye ancI head movements or oculocephalogync reactions in ic- 
sponse to a relating visual field Although various modifications of 
this method have been employed pieviouslv in the study of visual 
capac.ty m mveitebrates (Radi, 33, Schlieper, 35, Hecht and Wolf, 

34, Hecht and Wnld > I2 > Wolf, 50, Wolf and Zcrinhn- 
51 >’ and veilebiates (Lyon, 23, Garrcy, 9; Loch, 22, Mc¬ 
Ginnis, 25; Giundfest, 11, Tinklepaugh and Haitmann, ++, Wolf 
and Zenahn-Wolf, 52), the piesent expeiinvent constitutes the first 
attempt to make use of the pimciplc of this technique for obtaining 
quantitative measures of visual capacity in young animals 

A diagiam and a detailed description of the apparatus used in this 
study has been previously presented by Smith (39) A cylinder, 105 
cm. high and 120 cm m diameter, was constructed so that it could 
be rotated on its base independently of the animal, when the latter 
was placed on a small stationary platform on the inside of the cylin¬ 
der The cjdinder consisted of a wooden framcwoik that was lined 
on its side and bottom with white oil-cloth, on the inner side of 
which black strips of cardboard could be inserted, varying in width 
from 5 cm to 0 6 cm Smaller stupes wcie obtained by means of 
cloth printed with alternate black and white lines, 016 cm in 
width The base of the cylinder was of rigid construction and con¬ 
tained a vertical shaft at its center This shaft was inserted in a 
bearing which was mounted upon a heavy iron base below the cylin- 
det The cylinder could be easily rotated in this bcaimg by hand 
or by means of a pulley system led from the shaft of the cylinder 
to a motor 

The animal platform, 32 cm in diameter, was suspended from the 
ceiling by means of an iron support rod The position of the plat¬ 
form could be adjusted so that the animal’s head was located at a 
point at the center of rotation of the cylinder. The young animals 
wcie prevented ficm falling off of the platform by means of a fence, 
about 10 cm. high, that was made of vciy thin white silk thread 
wound on 8 small metal posts around the edge of the platform As 
far as could he observed, the thread and posts did not in any way 
interfere with the responses of the animal’s to the rotating pattern 
The opening of the cylinder, through which the animals were 
placed on the platform, was closed during obseivations by means of 
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mi adjustable white covci that was suspended fiom the ceiling Ob- 
scivations wcic made thiough a small aperture in this top. 

The inside of the appaiatus was illuminated by two 200-watt bulbs, 
one fastened to the cover of the drum above the animal’s head, and 
the other attached below the animal platform The level of bright¬ 
ness used in these experiments was about 11 candles per square foot, 
and this effective brightness did not vary ovei log unit with 
the diffeient senes of stuped patterns. 

In this apparatus, visual acuity can be expiessed in teims of the 
visual angle subtended by the smallest stupes to which the animal 
responded fiom its position at the center of the cylinder. The dis¬ 
tance intervening between the sides of the cylinder and the animal’s 
head was appioximatelv 50 cm thioughout the expenments Hence, 
the lines of diffeient widths employed repiesent visual angles of ap¬ 
proximately 360, 180, 43, and 11 minutes of aic respectively. 

It might be objected that such thiesholds secured in relation to 
the oculocephalogvnc reaction do not represent true measures of 
visual acuity In this study, the fact is assumed that the teim 
“visual acuity” lepresents the threshold capacity of the organism in 
adjusting or orienting to changes in brightness contours in the visual 
field Since the obscivations made liere involved correlating a definite 
orientation of the head and eyes to measurable changes m blightness 
contours or patterns in the field of vision, it is concluded that the 
term “visual acuity” is propeily employed m the desciiption of the 
visual function under investigation 

3 Piocedme, Observations of compensatory lesponses of the 
eyes and head to the rotating stnated patterns were begun at the 
time when an animal opened its eyes Tests were first made with the 
lines 5,0 cm in width, and the lines were thereafter reduced in 
width when definite eye or head nystagmus was observed In a few 
cases it was impossible to make observations with the complete series 
of stripes. In examining the oculocephalogyric reactions, the cylinder 
was rotated thiough a complete levolution in one direction, followed 
by a complete rotation in the opposite direction This procedure was 
carried out 5 times daily, each jotation of the cylinder constituting 
one of the 10 trials. The rate of rotation was approximately two or 
three revolutions pei minute The criterion of a positive response 
was that the animal make a definite puisuit movement of the eyes or 
head in the direction of the movement of the stupes, followed 
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by anothci p\nsuit movement If such a response was seen only once, 
or was not clearly visible to the obsetver, it was not accepted as 
positive 

In addition to the observation and recording of the visual acuity 
of the animals, a recoid was kept of the date of the opening of the 
eyes in cveiy case Visual placing leactiom of the foiclimbs weie 
tested daily in 14 of the animals, which were selected from all litters 
of animals used in this expcnment with the exception of the first 
littei In testing an animal for visual placing reactions, it was 
grasped by the lower tiunk and pelvis, leaving the bead and foic- 
hmbs fice, and was moved gently towaul the surface of an illumin¬ 
ated table Positive responses were recorded if the front legs were 
definitely extended before the vibnssac 01 othci parts of the body 
touched the surface of the table In 13 of the animals similar 
observations weie made on placing of the foielinibs induced by contact 
with the vibnssae and lowci jaw on the surface of the table 

4 Animals In all, 24 animals fiom 9 litters were employed 
in the expeument These animals were given constant uic, and were 
weighed daily to provide an index of their general condition of 
health In this experiment, a daily increase in weight was taken 
as a ci iter ion of selection of animals for the different observations 
made Only healthy animals, i e, those showing a marked daily 
mciease in weight, were used for the visual acuity observations. 
Conjunctivitis was avoided by daily washing of the eyes with a 20 
pci cent solution of Aigviol from the time that the eves opened 

5. Results of the ptesenl expeument Table 2 presents a sum- 
maiy of the genetic development of certain aspects of vision studied 
in the present investigation This table indicates the age in days of 
opening of the eyes as well as the age of appearance of different 
visually determined responses in the different animals For pur¬ 
poses of comparison with the age of development of the visual placing 
responses of the foielimbs, the age of appeal ancc of similar tactually 
controlled placing responses is also indicated The first column 
to the left identifies the litter of each animal bv means of capital 
lettcis Some of the animals employed belonged to diffeicnt litters 
taken fiom the same female These cases are indicated by small 
letters following the capital letters 

a The age of eye opening The 24 kittens used in this inves¬ 
tigation had then eves completely open at ages distributed at random 
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TABLE 2 

The Age in Days When the Eyes Opener and When the Appearance of 
Different Visualiy and Tactually Determined Responses was 
Observed in Kittens in This Study 


Litters 

Date of 
birth 

No of 
kitten 

Age when 
eyes open 

Tactual 

placing 

Head 

nystagmus 

Visu at 
placing 

An* 

10/29/35 

1 

7 


17 




2 

8 


16 




3 

8 


17 


B 

1/5/36 

1 

4 


14 

27 



2 

6 


14 


Ca 

2/28/36 

1 

12 


12 

28 



2 

12 


13 




3 

12 


13 

28 

D 

3/18/36 

1 

7 


14 

26** 



2 

8 


14 

26 



3 

3 


14 

26 

Ab 

4/11/36 

1 

4 

11 

14 

23 



2 

4 

12 

12 

23 

E 

4/27/36 

1 

5 

11 

15 

22 

F 

5/18/36 

1 

11 

11 

14 

25 



2 

11 

13 

14 


G 

5/19/36 

I 

12 

14 

15 

25 



2 

12 

15 





3 

11 

13 



Cb 

6/15/36 

l 

15 

15 

1 4*** 

25 



2 

15 

13 





3 

10 

15 

13 

25 



4 

12 

16 

13 




5 

14 

13 

14 

25 


*In the Inter designations, the sm«iU letters "a” nnd “b” stand for the fir9t 
and second litters of the same mother animal. 

**KUtens D-l, D-2, and D-3 were not tested at ages of 23 to 25 days. 

***Thts kitten was tested with only one eye open at this age 

fiom 3 days to 15 days, with no apparent relation between health 
or weight of the animals. Upon examination of Table 2 it will be 
readily observed, however, that the different members of the same 
litters tended to open then eyes at about the same time Litters 
Ca, Ab, and F show this most clearly Evidently, then, the parentage 
of the kitten determined in part the age at which its eyes opened 
This is further demonstrated by the fact that the members of litters 
Act and Ab opened their eyes comparatively early, while the members 
of litters Ca and Cb all opened their eyes relatively late No sex 
differences were noted as to the age when the eyes opened in the 
different kittens 
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b The first occurrence of visually dele, mined nystagmus. 
Under the p.esent expeumental conditions, the initial appearance of 
the cephalogvric reactions determined by light stimulation took place 
in the kittens at ages between 12 and 17 days Head nystagmus 
was used as the majoi criterion of lesponsc duiing this period, since 
it is very difficult to observe movements of the almost uniformly 
colored eyes of the kittens (lining the first weeks of life The com¬ 
paratively late appearance of cephalogvric reactions in the case of 
Litter An is to be attributed partially to lack of skill in observation 
on the pait of the observci at the beginning of the experiment In 
respect to these responses, as was noted in the case of the eye opening 
data, there is considerable homogeneity within littcis as to the age 
when the response first appears. Litters B, D , and F clearly show 
this tendency, while the greatest vailability was found in Litter Ah. 

c The appeal mice of visual placing i eatf ions Visually de¬ 
termined placing reactions of the foielcgs occur almost liivanably 
when the adult cat is held by the lower trunk and is moved toward 
some clearly visible surface Rademaker first described these reac¬ 
tions, and they have been more recently studied by Bard and B looks 
(4), and Raid and Orias (5), and Smith (39) In the emu sc of 
the piesent experiment data wcie secured which demonstinted that 
visual placing reactions appear at a rather constant level of growth 
in the developing kitten The animals used in this study fust gave 
visual placing reactions between the ages of 22 and 28 days Refer¬ 
ence to Table 2 will show that wherever two or more kittens of one 
httei were tested, visual placing reactions were obscived to appear 
at the same age An inteiesting observation in connection with the 
appearance of these visually dctcimincd placing reactions is that, at 
the time when they aic first elicited, the illumination of the surface 
and of tile room in geneial arc impoitant factois It was found, 
for example, that a kitten might place visually m a dimly lighted 
room, but not under conditions of bright illumination. This factor 
was controlled in the present experiment by testing all kittens under 
a variety of diffeient conditions 

d The appeal mice of tactual placing reactions Although 
tactual placing responses have no dncct beaiing upon the develop¬ 
ment of visually determined placing reactions, they may be con¬ 
sidered as significant piccursois of visually determined placing reac¬ 
tions The diffeience between the two types of placing reactions 
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seems to be mainly attributable to a diffcience in affeient control. 
Theiefoie, the diffeience in age at which the two types of responses 
first occui may he accounted for Iaigely in teims of the delay in the 
growth of the central visual pathways mediating the visually 
detcimmcd placing responses. The animals tested in the present 
study gave the fiist tactual placing lcsponscs at ages varying from 
11 to 16 days The period of time inteivening between the ap¬ 
pearance of tactual placing responses and visual placing responses 
varied fiom 10 to 14 days Some relation between the age of 
appearance of the two types of placing responses will be seen upon 
reference to the tabic In some cases whcic tactual placing was 
observed at a relatively early age (kittens ,1b- 1, Ab-2, E- 1), visual 
placing responses also occuried relatively eaily The influence of 
parentage upon the age at which placing responses appealed is again 
suggested. 

Table 3 summarizes averages and deviations of the ages at which 

TABLE 3 

Summary and Anaiysis or Data Presented in Table 2 
(All ages are given in terms of days) 



Age when 
eves open 

Tactual 

placing 

Head 

nystagmus 

Visual 

placing 

Number of kittens tested 

2+ 

13 

22 

1+ 

Mean ages calculated 

9 1 

13 + 

14 0 

25 5 

Mean deviations of ages 

3 0 

l.S 

09 

1 3 

Range of ages 

3-1S 

11-16 

12-17 

22-23 


the eyes opened and at which the different leactions described above 
fust occui red It wall be seen from this table that the mean age 
at which the kittens opened theii eyes is 9 days, the mean deviation 
3 days, and the range 12 days This range is significantly laigcr 
than the range of appearance noted m any of the responses obseived 
In the case of the initial appeal ance of visually detcimined head 
nystagmus, the mean age is 14 days It is significant to note that tins 
mean deviation of less than a day is the smallest obseived in the case 
of any lesponse studied in the present experiment. The appearance 
of the oculocephnlogyric reaction seems to be entiiely independent 
of the age at which the eyes open, as is demonstrated by the fact 
that the rank diffeience correlation for the ages at which the eyes 
open and the time when head nystagmus is fiist observed is —.06, a 
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,s rt “;'Tr hom zero f r . .-*« 

icactions in the km™ observed , 25 dZ" pbci, ' B 
of about one day. Y ' WIth a mean dev,atl °" 

6 The development of visual acuity The technique of the 
rotating visual field is admirably adapted to the determination of the 
acuity of pattern vision m young mammals Obviously no training 
technique could be used, because considerable development in vision 
would occur before the kittens could be trained to make any sort 
o y, sual discrimination The piescnt technique permits the ready 

'T I!” ° f VlSU f 7 detcimined responses ,n the kitten to various 
visual patterns on the same dav 

Table 4 piesents data secured ,n the piescnt .nvestigation regarding 
the development of vanous clegiees of visual acuity in the kitten at 
various ages The data legaiding the appearance of responses to the 
5 U cm stripes was discussed m conncctton with Tabic 2 It will 

TABLE 4 

Age in days When Nystagmus Responses were First Oiiservfd to Stru-ls 
__ or Different Widths 


Animals 


‘Kittens D-l, D-2, and 71-3 u 


5 0 cm 
stripes 

2 5 cm 
stripes 

0 6 cm 
stripes 

17 



16 



17 



1+ 

17 

24 

14 

17 

24 

12 


23 

13 


23 

13 


23 

14 

15 

21 

14 

15 

21 

14 

15 

22 

14 

19 

20 

12 

19 

20 

15 

18 

19 

14 



Il¬ 



ls 



14 

IS 

19 

13 

15 

20 

13 

15 

19 

13 

15 


14 

IS 

20 

D-i weie 

not teMcd att ace-. 

of 23 


0.16 cm 
stripes 


to 25 iItvs 
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be seen from Table 4 that responses to the 2 5 cm stripes were 
observed in various kittens at ages between 15 and 19 days, re¬ 
sponses to the 0 6 cm stripes weie seen at ages between 19 and 24 
days, and responses to the 0 16 cm stripes could be elicited at ages 
between 23 and 30 days. As in the case of the other responses 
discussed above, there was a marked homogeneity within litters as 
to the ages at which the kittens responded to the stripes of various 
widths The period of time dui mg which lesponses were observed 
to develop in the different animals to all four widths of stripes 
vaiied from 9 to IS days, with an average of 11 days 

The development of visual acuity in the animals used in this 
study can be expressed in terms of the visual angles subtended by 
the narrowest lines responded to at different ages The line widths 
employed correspond to visual angles of 360, 180, 43, and 11 minutes 
of arc respectively under the conditions of the experiment. Using 
this method of description, it may be said that, at the time of the 
first onset of the oculocephalogyuc reactions at 14 days, the visual 
acuity of the kitten is veiy poor. From then on until the age of 4 
weeks, there is a gradual increase in acuity of vision, which reaches 
a value of at least 11 minutes of aic between 23 and 30 days of age 
The data regarding the development of visual acuity in kittens 
is more briefly summaiizcd in Table 5 in teinis of averages, mean 


TABLE 5 

Summary and Analysis or Data Presented in Tadle 4 
(All ages are given m terms of days) 



S 0 cm 
stupes 

2 5 cm 
sti ipes 

0 6 cm 
stripes 

0 16 cm. 
stripes 

Number of kittens tested 

22 

13 

15 

15 

Mean ages calculated 

14 0 

162 

21 2 

25.2 

Mean deviations of ages 

09 

1 4 

17 

1 9 

Range of ages 

12-17 

15-19 

19-24 

23-30 


deviations, and langcs of ages at which the responses were observed. 
It is seen from this table that responses to the 5 0 cm stiipes weie 
observed at an average of 14 days, that responses to the 2.5 cm 
stripes usually appealed two days later, that lesponses to the 0.6 cm 
stripes were observed at an average age of 21 days, and. that 4 days 
after this, at an average age of 25 days, the kittens lesponded to the 
0 16 cm stiipes The mean deviations for the first occurience of these 
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responses indicating different degrees of visual acuity var.ed fiom 
less than a day in the case of iespouses to the 5 0 cm stripes to 
about two days in the case of the 0 16 cm str.pes This compara¬ 
tively high mean deviation of ages when responses fiist occurred to 
the 0 16 cm stripes is to be attributed largely to the fact that two 
kittens, Ca-\ and Cfl-3, which were difficult to obseive, did not show 
clear-cut responses to the small lines until the age of 30 days 
It is a significant fact that the age of appcaiance of visual placing 
reactions was 25 days, and that the average age at which responses 
to the 0 16 cm stupes were obscived was also 25 days That a Ingh 
degree of visual acuity is correlated in tunc with the development of 
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visual placing 1 espouses of the forelimbs is graphically shown in 
Figure 1, winch presents a series of bai diagrams of the ages at 
which 6 representative kittens were observed to give evidence of the 
different responses studied. The length of a har indicates the age 
at which the i esponse listed at the left of the figure was first observed 
For the entire series of kittens used in this experiment, the rank 
difference coi relation between the age of i esponse to the 0 16 cm 
stripes and the age at which visual placing appeared is 0.93, which 
is a significant positive correlation for the number of cases presented 
A companson of Tables 2 and 4 will show, however, that there were 
5 kittens in all which developed visual placing reactions before 
responses to the 0.16 cm. stripes could be obseivcd (kittens Co- 1, 
Ca- 3, D-2, D- 3, and F-l) Nevertheless, it must be noted that be¬ 
fore anv evidence of visual placing reactions could be seen, all of 
these kittens gave definite responses to the 0 6 cm stripes. The 
visual angle coi responding to these lines undei the present conditions 
is 43 minutes of arc, an acuity of vision which is higher than that 
found by Lashley (21) in the adult albino rat by means of the dis¬ 
crimination technique. The present experimental results demon¬ 
strate, therefore, that a relatively high degree of visual acuitv geneti¬ 
cally precedes visually detci mined placing reactions 

Figure 1 also summarizes graphically the age of the 6 different 
kittens at the time when all the various responses observed first 
occurred. It may be clearly seen that the age of eye opening (repie- 
sented by the lowest bai in each of the six diagrams) shows a 
marked variation which does not appear to be con elated with either 
the age when visually determined head nystagmus was first observed 
or with the age when tactual placing reactions appeared This 
series of diagrams furthei demonstrates definitely that there is a 
gradual development of visual acuitv in the kittens fiom the time 
that responses first appear to the stripes 5.0 cm. in width until 
the 0.16 cm stripes become effective in eliciting the oculocephalogyric 
reaction 

Figure 2 represents the mean ages at which the various reactions 
listed toward the left appeared in all the animals used. The length 
of the bars indicates the mean age in days when the reactions were 
first observed in the whole series of kittens. As already seen pre¬ 
viously in Figure 1, visual acuitv gradually increases fiom the time 
that young kittens respond to the 5 0 cm stripes until these animals 
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Figure IT 

Mean tou ... ... ... 



respond to stripes subtending a visual angle of 11 minutes of arc, and 
that the visual placing reactions do not appear until a relatively high 
degree of visual acuity is attained 

Figuie 3 presents the percentage of animals in which the different 
responses tested weie observed on subsequent days The vertical 
component of the curve icpiesents the peicentage of all the animals 
studied m which the various i factions appeared at the diffcient age> 
ilie horizontal component lepresents the age in days when the re¬ 
sponses were first observed This figure selves to emphasize state¬ 
ments made in an eaihei connection, namely, that the eyes opened at 
a most any time between the ages of 3 days and 15 days, and that the 
placing responses and the visual acuity increments show little vari¬ 
ability m time of development among the different animals. This 
figure also shows clearly that there is a gradual increase in visual 
acuity with age Furthermore, little overlapping of ages seems 
to occur even when percentages of all animals used are thus repre¬ 
sented. Finally, this figure serves to emphasize again the close cor¬ 
relation existing between the appearance of a relatively high degree 
of visual acuity and the development of visual placing reactions 
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experiment, the age at which the eyes open seems to have no signifi¬ 
cant relation to the development of chftcient visually il etc mimed 
icactions, to the time at which tactual placing responses fust appeal, 
and to the health oi weight of the animal A negative rank tliftcr- 
ence con elation of 0 06 was found between the age of cj’c opening 
and the appealance ot the oculoccplialogyiie icsponse Notable m 
this connection is the tact that the mean deviation foi the age when 
the eyes open is consideiablv laigci than that foi the genetic appeal - 
ance of eithci the visually oi tactually deteimincd 1 espouses investi¬ 
gated 

Certain important dd lei cnees between tj)ic present data and the 
tesults and mtcipietations of pnoi mvestigatois should be pointed 
out In gencial, it may he said that the lCsults obtained place 
in question the conclusions of Soltmann (41), Held (14), 'rdnev 
and Casamajor (43), and Fish and Wnullc (8) legardinq; the clo-.e 
corielation between the age of eye opening and the onset of visually 
detemuned bchnvioi Foi example, Tilney (43) states without 
qualification that, 

On die second tlnv after both, tht oplic ncivc and tiact of the 
kitten are entirely devoid of niyehn sheaths, the e\cs arc then 
closed On the sixth day the optic tiact is myelmi^ed up to the 
siipenm colliculus, the pulvinar and the lateral Rcniculate body 
On the seventh dav the animal opens its cits Theie stems lo 
be a diifeiente in time of imelini/ation of perhaps +8 horns 
between the deposition of the tnyclin sheaths and the establish¬ 
ment of function 

Although it is not known upon how many animals these and si mil at 
conclusions aie based, it seems possible to sav that the mterpictalions 
just desciibed arc open to consuleiable doubt In the piescnt study 
the fact has been biought out cleailv that the age of eye opening in 
the kitten is not icstiicted, as Tilney ami Casamajor state, hut 
can be found to vaty fiom the ages of 3 to 15 days, or over a 
period of at least 12 days This variation has been shown to be 
unrelated to the age ot onset of both oculoccphalogyric reactions and 
visual placing reactions It can be concluded, therefore, that the 
neural growth changes associated with the onset of visual function 
in the kitten arc entuely uni elated to the age of the opening of the 
eyes. 

No satisfactoiy explanation has been given concerning the dclav 
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m development of visual function m kitten 5 after the eyes have al¬ 
ready opened As demonstrated by the experiments of Smith (39), 
the oculocephalogyric le.iction does not necessarily involve cortical 
activity in the adult cat In further experiments, Smith (40) found 
that removal of the striate coitex in the adult cat docs not abolish 
oculocephalogyric responses to a rotating striated pattern of lines 
subtending visual angles of at least 11 minutes of arc Tilney and 
Casamajoi (43) described a subcortical mechanism for this leaction 
On the basis of these experiments it can he tentatively concluded 
that the development of visually determined oculocephalogyiic reac¬ 
tions is not associated until giowth and development of the visual 
cortex However, furthei experiments, involving operative proce- 
dmes with young ammals 4 are necessary in ordei to prove this 
contention 

The data obtained in the piesent study of visual acuity has been 
summarized in Tables 4 and 5, There has been no previous study 
of the growth in visual acuity of young animals, and no explanation 
has been offered of this piocess of development which extends over a 
period of 9 to 18 days in the kitten (Table 5), These results show 
that the visual acuity of the kitten increased during this period from 
360 minutes to 11 minutes of arc. It must be noted, however, that 
the data of the present experiment do not represent the maximal 
development of visual acuity in the cat (Smith, 38) 

It was found that none of the animals studied showed any indica¬ 

tion of visual placing reactions before they had given definite re¬ 
sponses to the 0 6 cm stupes, and that 8 of the voung kittens did not 

give visual placing leactions until they responded to the 0 16 cm 

stripes The mean age at which the responses to the 0.16 cm 
stripes appeared was the same as that foi the fiist occunence of visual 
placing responses, i e , at 25 days 
A cutical division in the neuial control of visual placing leac¬ 
tions and the oculocephalogyiic responses has been shown by Smith 
(39) to exist in the adult cat This division of function is some¬ 
what similar to the genetic scpaiation of these responses found in 
the present experiment In the adult cat, Smith has shown that 
removal of the visual coitex definitely abolishes visual placing icau¬ 
tions but leaves intact the oculocephalogyi ic responses, when both 
of these activities are tested undei comparable stimulating condi¬ 
tions It seems possible to conclude fiom the experiments of Smith 
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and fiom the observations made in the pi (.sent study that the appear¬ 
ance of the visual placing reactions is correlated in time with the 
development of cortical connections of the visual system as well 
as with increased refinement of visual acuity, m so far as this mav 
be mediated eithei corticallv or subcortically. 

Tactual placing icactions were observed to appear from 10 to 14 
days earlier than similar visually determined placing reactions The 
mean age for the appearance of tactual placing responses was 11 
days This is in accordance with the age at which Weed (46) and 
Langworthy (17) found decorticate rigidity m the forelimbs of 
kittens Bard and Brooks (4) localize placing reactions of the fore- 
limbs of tile cat in the gyrus pro reus, the sigmoid gyri, the rostral 
portion of the longitudinal gyius, and some fraction of the coional 
gyrus Tilncy and Casamajoi (4-3) note that the gyius sigmoideus 
is one of the two points of the cortex reached by myelinated fibers 
in the 14-day old kitten On the basis of these combined observa¬ 
tions, the conclusion may be drawn that tile period of time mtci- 
veiling between the primary development of the tactual placing 
reactions and the visual placing reactions represents the time of the 
formation of the visual connections with the coitical mechanisms of 
the placing responses. Since results and interpretations presented 
above point to the existence of a high degree of visual acuity preced¬ 
ing tile appearance of visual placing reactions, it can be further 
stated that, prioi to the establishment of optic connections with the 
motor cortex, a degree of visual acuity is all eady developed which 
permits the kitten to respond to lines 0 6 cm in width, located at 
a distance of 50 cm ft orn the eyes. 

V Conclusions 

1 An apparatus was devised which could he used to picscnt a 
rotating visual field to the kitten when the latter was placed on a 
stationary platform in the center of the rotating cvlmdci In addi¬ 
tion, observations were made regarding the ages at which the kittens 
opened their ejes, and the ages at which tactual and visual placing 
reactions could fiist be elicited 

2 By the use of the locating visual field technique, the initial 
appealance of oculoccphnlogyi ic reactions was observed to occur in 
the different animals at ages varying from 12 to 17 days, with the 
mean at the age of 14 days 
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3 At the tune of onset of these reactions the visual acuity of the 
cat in teims of the visual angle subtended by the stripes in the rotat¬ 
ing pattern was 360 minutes of .lie 

4 Fiom the date of onset of tins visually controlled reaction, the 
visual acuity, measured in terms of visual angle, increased gradually 
in the following stages An acuity of 180 minutes of arc was 
dcmonstiated at ages varying fiom 15 to 19 days, with the mean at 
the age of 16 days Responses to stupes subtending a visual angle 
of 43 minutes were demonstrated at ages varying from 19 to 24 days, 
with the mean at the age of 21 days Responses to the smallest 
stupes, subtending a visual angle of 11 minutes, were observed in 
different animals at ages varying fiom 23 to 30 days, with the mean 
at the age of 25 days 

5 Daily observations of the kittens showed that the eyes opened 
at the ages between 3 and 15 days, with the mean at the age of 9 
days The data presented in this report show no ielation between 
the opening of the eyes and the development of visual acuity in the 
cat A negative rank difference correlation of 0.06 was found be¬ 
tween the age of eye opening and. the age when head mystagmus 
was first obseived 

6 The development of visual acuity in the kitten, as measured in 
the present experiment, extended over a period of 9 to 18 days The 
course of development after an acuity of 11 minutes of arc has been 
reached remains to be deteimmed in further experiments 

7 Visual placing reactions of the foiclimbs weie obseived to 
occur between the ages of 22 and 28 days, with the mean at the age 
of 25 days A positive conelatrori of 0 93 was found between the 
age when responses weie obseived to the 0 16 cm stripes and the age 
when visual placing lesponses could fiiist be elicited. It may Tie 
concluded that this con elation shows a significant relationship, at 
least m tune, between the appeal ancc of visual placing leactions and 
the appearance of a relatively high degree of visual acuity, and 
that a relatively high degiee of visual acuity piecedes the appearance 
of visual placing leactions and other piecise localizing lesponses of 
the limbs and trunk. 

8 Tactual placing responses of the forelimbs appeared 10 to 14 
days earlier than visual placing lesponses, and there is a possible 
correlation between the eaily appearance of tactual placing lesponses 
and an early appearance of visual placing lesponses It may be assumed 
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that the tune mteivening between the appearance of Lhc tactual ,mJ 
the visual placing reactions lepicsents the pcuod of foimation of 
functional connections between the visual and molot cortex, since 
evidence is available that both of these 1 espouses aie mediated cmti- 
cally (Bard and Ihooks, 4, Baid and Onas, 5, Smith, 39) On the 
basis of such an assumption and the data already discussed, it may 
be furthei concluded that a high degjee of visual acuity precedes 
the foimation of functional associations involving the stnate and 
motoi coitcx 
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PERSONALITY RATINGS II. VALIDITY OF TEACHERS’ 
RATINGS IN PREDICTING SCHOLASTIC 
ACHIEVEMENT* 


esUyaii Untvrrsity 


T A Lang uc 


A picviouslv published papei has shown that teachers’ latings arc 
rather unreliable as shown by various cntena The present report 
is a study of the validity of the same ratings in predicting scholastic 
achievement at the University of Minnesota 

Validity of tests is usually defined as the extent to which scores 
obtained lepresent true degiecs of tlial which the test purports to 
measure. The validity of subjective estimates may be determined m 
like manner, namely by obtaining coirelations between latings and 
objective critena For example, the validity of subjective estimates 
of intelligence of pupils may be determined by con elating such esti¬ 
mates with Intelligence Test scores, provided the Intelligence Test is 
valid 

It will he impossible to obtain true validity coefficients in tins 
study except possibly foi Tiaif I ‘'Ability to Lcain,” and Trait VIII, 
“Capacity for College Work,” because wc have no “objective” meas¬ 
ures of the other traits included in our rating scale Wc will attempt, 
however, to obtain some indication of the validity of these ratings 
bj the following methods 

1 Determining the amount of agicement between individual 
raters 

2 Computing latings on “Ability to Learn” with “College Ability 
Test” scoies 

3 Comparing latings on all traits, and particularly ratings on 
“Capacity for College Work” with subsequent scholastic per¬ 
formance 

Agreement between Individual Raters 

The first cnteiton of validity which will be advanced is commonly 
spoken of as a cirtcnon of reliability. A tiue criterion of reliability 
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would be in tctms of self-consistency rnther than agreement with 
other judges We shall employ this criterion as indicating the relia¬ 
bility of ratings, and also as indicating their validity, since personality 
trails such as "Initiative,” "Dependability,'’ "Industry,” etc, arc 
essentially social concepts. Since, then, these traits depend upon 
human judgment for then definitions, we will assume that, if differ¬ 
ent judges rate die same individuals in the same manner, they arc 
latmg them primarily in terms of the tiait which is defined on the 
scale. That is, if a number of judges rate a group of individuals 
for "Dependability” and agice in their latings, that group of indi¬ 
viduals might be thought of as making up a scale showing various 
degrees of the trait in question In uthei words, the bait is defined 
in terms of social agicement 

The extent to which this criterion is met by these latings will be 
studied by the use of correlation technique 

The data for this study comes from the ratings of Central High 
School foi 1925 smee there are a sufficient numbei of ratings of each 
individual in this gioup of ratings The ieJlability coefficients to be 
piesented are not conelation coefficients between the ratings of one 
judge and the ratings of auothei judge, since no two teachers rated 
a sufficient number of the same students tn give any reliabilities to 
such coefficients Instead the correlations obtained are between one 
scries of ratings by several teachers with another series of uitings by 
other teachers Foi example, Teacher A may have i.ited students 1, 
2, 3, 4, 5, Teacher fl may have rated students l, 5, 6, 7, 8, Teacher 
C may have rated students 2, 3, 8, 9, and 10, Teacher D may have 
Latcd students 4, 6, 7, 9, and 10 In the hypothetical example we 
have two ratings of each student, but no two teacheis have rated 
more than two of the same students The corielations thus obtained 
probably come closer to true reliability coefficients than do the co¬ 
efficients obtained by comparing only two judges who have rated the 
same people In a sense this method should give much the same 
result obtained statistically by Shen (6) Table 1 piescnts reliability 
coefficients as obtained from the 1925 data of Central High School 
Using nw scoies. 

These reliability coefficients are fai fiom satisfactoiy and indicate 
little agreement between any two ratings on the Graphic Rating 
Scale. Trait VIII, "Capacity foi College Woik,” is rated the most 
relmbly as represented by the coefficient of conelation of -(- 49 The 
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TABLE 1 


RCI MJlILlTY 

CoernciFN rs, Raw 

Scores Mfv and 
School, 1925 

Women, Central 

11 ion 



Men 

Women 


Trait 

r 

PE 

r 

PE 

I 

31 

OS 

.37 

04 

II 

31 

05 

33 

04 

III 

28 

05 

25 

.04 

IV 

46 

04 

35 

04 

V 

17 

05 

28 

04 

VIII 

49 

04 

49 

03 

Total 

40 

04 

+1 

03 

reason fm 

this is apparent,- 

—namely that the high school iccoi 

ds of 


the students arc piobably used as the basis for predicting future 
scholastic success. This may be back of the other correlations, also, 
but in lesser degree 

A possible explanation of the low reliability of these ratings is 
that the teachers have not had the same expcilence with the students 
To the extent that such is the case this critenon is weak, since the 
raters should have similar contacts with the subjects, but some of 
these teachers will have had contacts with the students in English 
couises, others in mathematics, others in Social Science and othei 
academic couises, and in a variety of e\tia-curricular activities as 
well. Such variation in opportunities to obseivc students vould re¬ 
duce agieement since the characteristics latcd arc probably quite 
specific in nature Thus one student may have an “aptitude” for 
English composition, but detests mathematics cr chemistry, and hence 
shows to poorer advantage in courses involving mathematics His 
English teacher might rate him as “very superior’' in “AhiLitv to 
Learn” while his mathematics or chcmistiv tcacliei might rate him 
as “slow to learn," Other even more subjective traits might and 
probably would have even gieater specificity 

Koinliausei (3) has written as follows in regard to this point. 

Disagieementi between ratings of die student may indicate 
that the student is different in different activities—not that 
instinctors are wiong in then estimates What is called un- 
leliabihty of ratings may leally be in hrge measure a mattei 
of the specihcity of traits 

It begins to appear that if Rugg’s (5) icciuiremeirts arc nccessaiv 
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m oidei to obtain valid latings, then valid ratings cannot be secured 
in the usual high school situation It is possible to obtain tluee 
ratings deteimmed independently but nut' in substantial agi cement 
Compmable anil equivalent scales piobably cannot be obtained by 
the Giaphic method or by any othei i a ting method since compala¬ 
bility is not picsent or absent in the scale, but is a function of the 
i ate is It is difficult to obtain teachers with adequate knowledge 
of the peison mted, since no teacher obseives the students in all situ¬ 
ations Sucli lack of agreement as has been disclosed points definitely 
to the need foi a gicatei lecognition of the impoitance of demanding 
that teachers on eveiy educational level should be “set” to observe 
and judge then pupils in addition to the time-honoied function of 

impaiting infoimation 

A pcisonahty lating on “Initiative,” for example, indicates that 
some one is of the opinion that the peison rated is characterized by 
a ceitain degiec of this tiait As defined on the Minnesota Rating 
Scale, "Initiative” should be judged by considei mg "resouicefulness 
and initiative in proposing new problems, applying principles, and 
making suggestions ” Cei tamly a high school teachei is in a position 
to obseive any manifestations of this tiait in her pupils if that teacher 
is alert and capable of analyzing and intei preting human bchavioi 
Probably most teachers arc not concerned with this method of ap¬ 
proach in educational work, but would mthei emphasize theii subject 
mattei, devoting all of then eneigics to making certain that their 
pupils master it. 

Educational procedure is becoming more and more of a differential 
procedure, a conforming of subject matter and methods of instiuction 
to the needs and capacities of individual students But lecognition 
of personality differences is apparently lacking to a serious extent 
This lack is due, piobably, to an inability on the pait of teachers to 
obseive definite behavior characteristics of their pupils in the absence 
of training and “set.” This inability should be remedied by a moie 
adequate tiainmg of teachers designed to make them "good judges 
of men" The need foi such a progiam is uigent because guidance 
of pupils in terms of all aspects of their peisonalities is being incieas- 
ingly stiessed. As mentioned befoie, this need foi pcisonahty diag¬ 
nosis foi guidance purposes cannot at the piesent time, noi piobably 
in the immediate futuie, be met by objective personality tests As 
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a lesult, teachers’ ratings will he mcicasingly relied upon Hence 
the need foi some piogram which will improve their ratingb 

Ratings on "Ability To Llarn” Compared with Collfge 
Ability Tpst Scori s 

Trait I, “Ability to Learn,” approximates some of the more com¬ 
mon definitions of “intelligence ” Presumably the College Ability 
Tests weic likewise designed to measure a similar function Foi 
these leasons, we may investigate the validity of at least tins one 
of the tiait i a tings by conelatmg “Ability to Learn 1 ’ latmgs with 
College Ability Test scoies of the same pupils 

Data for this analysis weic obtained from all three high schools, 
West, Central (1925 and 1926) and Humboldt. Table 2 piesents 
these coefficients (Pioduct-moment) 


TABLE 2 

COEFriClLNTS or CORRtI AJ ION BLTWLEN 'I FACIIEUS’ RATINGS ON 


"Aon i nr to 



Learn” 

AND COITPGC Altlim 

Tr&r Scores 



West 

Cential ’25 

Central ’26 

Humboldt 

Bovs 

Gills 

+ 46 ± 
+ 53 ± 

Single Ratings 

06 +40 ± 04 

06 + 47 ± 04 

+ 48 ± 04 
+ +9 :± 03 

+ 5+ ± 09 
+ 49 ± 07 


As shown by these figuics thete is only a fan degree of correlation 
between ratings on "Ability to Learn” and College Ability Test 
Scoies 

Con elating the average of three teachers* ratings on “Ability to 
Learn” with test scores yields coefficients of -f- 53 and -f-.56 for 
men and women respectively (Central High School, 1925) It scorns 
then, that teacheis, rating individually, can judge the “Ability to 
Lcatn” of then students with some accmacy When .ivciage ratings 
are used then accuracy is lepresented by a coefficient of conelation 
of about -f- 55 The leasons foi such a relatively high validity of 
latings in the face of previously demonstrated low reliability of these 
same ratings will he discussed in a succeeding section of this report 

Agreement or Ratings with Suusi qutnt Scholastic Success 

One Qua? let Reudime In the Uinveiuty Single Estimates 
The final test of the value of teachers’ ratings is to be found by 
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comp,iimg teachers’ tatings with subsequent scholastic success. 
Achievement in a university is not a dnect and unambiguous critcuon 
of any ot the tiaits included in this study, except Trait VIII, "Capa¬ 
city foi College Woik,” hence the relationships that exist between 
university scholarship and such traits ns "Ability to Learn,” "Ini¬ 
tiative,” etc, do not piove that the students have been rated accu¬ 
rately as to then possession of these traits, except in so fai as each 
tiait is a detenninant of scholastic success But we have found that 
there is a high degiec of iclationship between the seveial Units, due, 
probably, to a "halo” effect We are not now concerned, then, with 
the ability of leachcrs to judge these separate traits accurately, but 
aie rathei concerned with tire relationship which holds between then 
estimates of these tiaits and scholastic success On a pi ion grounds 
it is sound to expect that each of the six tiaits would correlate to a 
mat Iced dcgicc with success, provided all otfiei factois remained 
constant 

The subjects of this section of this icpoit giaduated fiom West 
High School in 1924 and from Cenhal High School in 1925 and 
1926 They enteied the College of Science, Literature, and the 
Arts, Univeisity of Minnesota, in the fall immediately following 
their graduation fiom high school, and continued in residence foi at 
least one quarter Most ot them legisteied for 15 quarter credits, 
and, foi the most part 1 , then couises weie similar, usually including 
Fieshman English, a foieign language, and a science couise As a 
whole, there was maiked homogeneity as to couises taken Finei 
classification was riot piacticablc, as the numbei of cases is none too 
la rgc 

Forty-six women, and 47 men who giaduated from West High 
School, and were lated by at least one high school teacher, enteied 
the Univeisity of Minnesota in September, 1924, and remained long 
enough to receive grades in their couises foi the hist quarter’s woik 
Twenty-seven women and 24 men who giaduated fiom Cential 
High School in 1925 and weie rated by at least one teachei enteied 
the University of Minnesota in Seplcmbei, 1925. All of the 192 
students who are included in this section are native bom and white 

Scholastic achievement is deteimined by the method employed at 
the University for determining piogiess attained towaid graduation, 
etc. Lettei giades "A" to ”F' J aie given in each course A grade 
of "E" is conditional and the final grade was then obtained at a 
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later date in each case In ordei to expedite tlic statistical tieatment 
of these data the following numerical values wcie assigned the 
lespectivc lettci grades A, 3 points; B, 2 points, C, 1 point, D, 
0 points; and F, —1 point These figures lepiesent tlie quality of 
value of each credit obtained, hence a student who obtained a “H” 
m a five ciedit course would be given five ciedits and ten points 
(5x2) The final measure of average scholastic achievement is a 
latio, obtained by dividing the total numhei of points earned by the 
total number of credits for which the peison was lcgisteicd For 
example, a student who earned an "J", a " C”, and a " D Jt m three 
five credit courses would lcceive an index of schol.iislup of (5x3) 
+ (5x1) + (5x0) divided by 15, oi 1 33, Thus a ratio of ! 00 
indicates avemgc oi ”C” woik, a latio of 2 00 indicates "B” xvoik, 
an index of 3 00 ”A” woik, an index of 00, "D" woik, and a latio 
of —100, "F’ J xioik These latios will be called “Ilonoi Point 
Ratios ” Despite seveial objections to this method of indicating schol¬ 
astic accomplishment, it is employed because the figuies aic ieadilv 
available, and because this is the method used by the Universitv 
Administration to detumine the same facts about the achievement 
of students 

The students who cnteicd in 1924 and 1925 wcie veiv similai 
to the student body of the Umveisitv as a whole, as mcasuicd by 
scholastic achievement and College Ability Test scores The 1926 
entiants were supenoi to the usual mn of students according to the 
same indices These figuies are piescnted in Table 3 

Despite a lather small sampling euoi, theic being moic “above 
aveiage” than "below avciagc” students among the subjects of this 

TABLE 3 

Mlujs ind Standard DFViAriONS of tiii Various Groups in Sciioi vrsiiii> 
AND INTEII IRt NCE, INCLUDING \ CONFROI GROUP 

Honor Point Ratio Intelligence 


Gioup 


N 

Mean 

SD 

Mean 

SI) 

Conlrol 

Girls 

310 

,79 

87 

4S 81 

27 60 


Boys 

293 

61 

,85 

53 54 

30 05 

1924 

Girls 

46 

85 

83 

53 00 

26 10 


Boys 

47 

67 

73 

62 55 

29 70 

1925 

Girls 

27 

1 18 

91 

46 70 

28 40 


Boys 

24 

65 

78 

5946 

2S 10 

1926 

Girls 

26 

1 34 

78 

72,50 

25 70 


Boys 

22 

127 

74 

69 50 

27 30 
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study, the results obtained and to be piesented would seem to be 
applicable, for the most pait, to the rating by teacheis of students 
in general as far as the Univetsity of Minnesota is concerned 

The relationship between teacheis’ ratings and subsequent scholas¬ 
tic success arc presented in the form of coefficients of correlation 
(Pearson product-moment formula) These coefficients are pre¬ 
sented in Tables 4, 5, and 6 

Despite the low icliability of these ratings, as shown in the first 
part of this study, tlieie is a fauly high degree of validity, except 

TABLE 4 


Cori hcienis or Corrfi ation Showing tiit Rrr ationship bi tween Teachfrs’ 
Ratings and One Quarter or University Scholarship Cpntrai High 
Schogi, 1925 96 Ratings on 27 Gnus* 86 Ratings on 24 Boys* 


1 m its 

I 

II 

III 

IV 

V 

VIII 

Total 

Girls 

Bovs 

55 + 09 
08 + 13 

46 + 11 
09 -f- 13 

51 + 10 
18 + 13 

52 + 
10 + 

10 ,25 + 13 
13 12 + 13 

68 + 07 
,22+ 13 

,60 + 08 
13 + 13 


’’'Probable errors of the cocflicients of conelation have been computed 
conservatively on the basis of the mimhu of pupils rated rather than on 
(he basis of the number of ratings marie 


TABLE 5 

Coefficients or CoRRn ation Showing tijf Rei at ionshii’ nETwrFN Teachers’ 
Ratings and One Quarter or University Sciioi arship Central High 
Schooi, 1926 71 Ratings on 26 Girls,* go Ratings on 22 Boys* 


Traits 

I 

II 

III IV 

V 

VIII 

'I otal 

Girls 

Boys 

45+11 
43 + 12 

34+ 12 
34+ 13 

45 + 11 35 + ,12 
33 + 13 ,36 + 13 

39 + 11 
41 + 12 

49 + 10 
40 + 12 

,48 + ,10 
46 + 11 


•Probable errors of the coe/bacnts of correlation have been computed 
conservatively on the basis of the numhei of pupils rated rather than on 
the basis of the number of ratings made 


TABLE 6 

Coefhcients or Corrfi ation Showing the Relationship be i ween Ti aciiers’ 
Ratincs ivi) One Quarter of Universify Schoearship West High 
Schooi 74 Ratings on 46 Gnus,* 66 Raiings on +7 Boys* 


Tiaits 

I 

II 

III 

IV 

V 

VIII 

Total 

Girls 

Boys 

,54+ 07 
48 + 08 

47 + 08 
43 + 08 

56 + 07 
39 + OS 

16+ 08 
36+ 09 

51 + 07 
42+ 08 

60 + 06 
57+ 07 

59 + 06 
.55 + 07 


Trobabte errors of the coefhcients of coirelation have been computed 
conservatively on the basis of the number of pupils lated lalhcr than on 
the basis of the number of ratings made 
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foi the 1925 gioup of men fiom Central High School The best 
intelligence tests yield coefficients of correlation of about -|- 60 with 
college scholarship These latings con elate with scholarship to 
approximately the same dcgiee On the face of it, there is a rather 
marked relationship between pcisonahty latings and achievement, 
paiticulailv between latings on "Capacity for College Work" (Trait 
VIII) and Umvcisity Scholarship 

Ratings on particular tratts coriclate to a higher degree, or to 
the same extent, at least, as total ratings This suggests that the 
ratings on Capacity foi College IV oik” me ns valuable foi prog¬ 
nostic use as ratings on all si\ traits If furthci rcsearcli does nut 
conti aclict this lesult, then much time and energy would he saved 
by asking foi ratings on a single general trait instead of on six or 
more specific tiaits, since the additional tiait latings add nothing to 
the value of the single general trait, as evidenced by the coefficients 
presented in the above tables Tins finding confirms the wisdom of 
present practice at the University of Minnesota in including this one 
geneial trait, "Capacity foi College Work,” on the cicdentials blank 
Average of Three Estimates In ordei to increase the leliahility 
of teachers’ estimates the latings of three teachers were averaged 
These aveiagc ratings weic then correlated with University scholar¬ 
ship to dcteimine whether such an increase in leliahilitv would be 
accompanied by anv marked increase in validity This analysis was 
confined to two classes fiom Central High School because there were 
too few’ students lated bv as many as three teachers in the other high 
schools studied The results are presented in Table 7 

These coefficients tepresent a fanIv lcguhir increase over the co¬ 
efficients presented in Tables 4 and 5 They suggest that in pre- 


I‘AHLE 7 


COFF F1CIEN IS or CORRIIVIION DFTWE F N AVIRVC.I RAHNOS (3 KAITRS) AND 
One Quartir of UNivmsm Schoi arsmii’ {Honor Point Ratio) 

Central High School, Class of 1925 N= b ir ^ s 


Traits 

I 


II 


III 


IV 


V 


VIII 

Total 

Gnls 

60 ± 

09 

52 ± 

10 

58 ± 

09 

55 ± 

09 

28 ± 

12 

74 ± 

06 

67 ± 

07 

Boy's 

09 ± 

15 

II ± 

15 

20 ± 

14 

12 ± 

15 

15 ± 

IS 

25 ± 

14 

15 ± 

15 


Centra! 

1 High School, 

Class of 

1926 N= 

_ 23 girls 
20 liovs 




Girls 

50 ± 

11 

39 ± 

12 

49 ± 

11 

39 ± 

12 

13 ± 

12 

55 ± 

10 

54 ± 

10 

lloys 

+8 ± 

12 

39 ± 

13 

36 ± 

13 

40 ± 

13 

46 ± 

12 

44 rh 

12 

52 ± 

11 
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dieting scholastic performance, teachers’ 1 a tings should be averaged 
in ordei to incicase then reliability, and hence then validity, though 
there aie few statistically significant differences Some of the ob¬ 
tained high coefficients may be due to chance since there are very 
few cases involved, and yet the tendency is found in both classes and 
in all traits, suggesting that the tendency is definitely piesent This 
conclusion is in line with the findings of Rugg (5) in regard to 
ratings in the United States Army 

One senous limitation of the demand that three independent ratings 
be aveiaged foi each student is appaient from our own data, namely, 

•—m practice it is difficult to obtain as many as three independent 
latings on each subject In Industiy it is almost impossible Even 
at the end of a four veai high school comse it would seem to be 
difficult although not impossible to find thiee teacheis who feel 
sufficiently well acquainted with the aveiage senior to wan ant sub¬ 
mission of a detailed lating 

Long Tune Residence In the XJmveisity. The study of the* ability 
of teacheis to pi edict University scholarship so far piesented uti¬ 
lised one quartci of University scholarship as a entenon We will 
now compare personality latings with longer intervals of scholastic 
work 

( a) Two years of scholarship Twenty-two boys and 26 guls who 
graduated fiom St Paul Central High School in 1926 and were 
rated by at least one teachei completed approximately two years of 
woilc at the University of Minnesota Honor Point Ratios, as de¬ 
scribed befoie, were used to represent their scholastic peiformance. 
These indices were then coil elated with teacheis’ latings on “Capac¬ 
ity for College Work” (Tiaif VIII) yielding a coefficient of cm- 
ielation of -{- 32 ±: 12 foi the guls and -j- 61 ± 09 foi the boys. The 
22 boys were given a total of 60 ratings,—hence the coirelation is 
between these 60 latings and the Honor Point Ratio indices The 26 
girls weie given a total of 71 ratings, and these, likewise, aie the 
measures which enter into the con elation scattergraph Probable 
errors which are given with the coefficients of coi relation are com¬ 
puted conservatively on the basis of 22 boys and 26 girls rather than 
on the basis of the total number of ratings 

Apparently, the prediction of capacity for college work of the 
boys is bcttci when two years are considered than when one quarter 
is the criterion, but the prediction of success for the girls is not as high 
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when two yeais are considcicd This trend is unusual, since, in 
general, achievement of girls has been predictable to a gicatci degree 
than achievement of boys Unfoitun.itcly, the small number of cases 
involved makes inteipi etntion hazardous since we cannot he suie 
that the two coefficients would not fluctuate greatly in other similar 
samplings 

( b ) Thee yeais of si holm shift Three yeais aftoi the 1025 classes 
fiom Cential High School cntcicd the Univeisiti, manv had can¬ 
celled out or weie dropped for low scholarship Sonic who can¬ 
celled then registration had honoi point intros above -|-1 00, which 
would indicate that they weie doing satisfactoiy wink at that time. 
On the other hand, some who weie enrolled at the end of the third 
veai had honoi point ratios below Tl 00, indicating that then schol- 
aiship was not satisfactory 

In the following table these students have been divided into live 
groups and then ratings on Tiait VIII indicated Thue gimips 
lcpicscnt (a) those who weie enrolled at the end of thice \eais and 
had honoi point ratios of 1 00 oi nioic, (£) those who weie emoiled 
but had ratios of less than 1 00, (c) tho'c who h,it! cancelled even 
though then latios were 1 00 oi bettei, (//) those who had cancelled 
with ratios below 1.00, and ( e ) those who had been dropped bv the 
University for low scholarship. These figuics are picsentcd in 
Table 8 

The right hand column of this table shows the pci cent of ratings 
in each catcgoiv which weie equal to five scale steps or mine These 
measuies are ciude, but show a tendency which m.iv he significant 
Ninety-eight per cent of the ratings of guls who weie enrolled at 
the end of tluec years and had honoi point ratios of 1 00 or more 
were latcd five oi higher when they weie high school semois Fur- 
thcrmoie, all ratings of gills who had cancelled but had maintained 
a satisfactory scholastic standing (1.00 oi higher) were above five 
These two groups may be consuleicd to be about equal in "Capacity 
for College Work” as shown by then grades m the University, since 
those included did do satisfactory work. Ratings show a simil.ii re¬ 
lationship 

The two lowest categories are the tom th and fifth, "Cancelled 
with ratio of less than 1 00," and "Dropped for low scholarship ” 
These two groups of girls weie rated considerably lowci than any of 
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TABLE S 

Showing the Rrr ationsiiip ncrwefew Thru. Years’ Scholarship and Ratings 
on “Capacity for Coilege Work” 

Central High School, 1925, N=27 Girls, 96 Ratings 
Ratings, Tiait Till 


Percent 

rated 

1 23456789 ION Median 5 or higher 


Enrolled 
(1 00+) 
Cancelled 

1 

5 

5 12 

9 7 6 

45 

S 00 

9S 

(1 00+) 
Enrolled 



3 

2 3 

8 

8 5 

100 

(1 00—) 

2 

1 

3 3 

1 

10 

67 

80 

Cancelled 
(100—) 
Dropped 

2 5 3 

9 

7 6 


32 

5.7 

69 

(LS) 

1 




1 

45 

00 


Boys 

N 

=24, 

85 Ratings 




Enrolled 

(100+) 

Cancelled 

1 4 

7 

6 7 

1 

26 

62 

81 

(1,00+) 

EmoUed 

1 

2 

3 1 

1 

8 

63 

88 

(1 00—) 
Cancelled 

2 4 

9 

5 3 


23 

5 6 

74 

(i OO—■) 
Dropped 

1 1 

5 

3 1 


11 

5,7 

82 

(LS) 

l 3 1 

8 

5 


18 

5 5 

72 


the othei gioups although 22 of the 33 ratings assigned members of 
these two groups weie five oi highei. 

The ratings of boys do not show as definite a tendency to con elate 
with achievement This is in line with the low coefficients of con 
relation between latings and fitst quaitei scholatship as shown in 
Table 4 3 but is m matked cooti ast to the relationship between csti- 
mates and two years scholaiship of the 1926 Ccntial High School 
gioup This discrepancy mav be due to a sampling erroi, since the 
numbci of cases is small, but may also be due to lack of consistency of 
teachers’ ratings. 

(c) Fom yeais of scholaiship At tile end of four years some stu¬ 
dents have graduated, others have gone into ptofessional schools, 
whereas otheis are still enioiled or have cancelled oi have been chopped 
by the University. Table 9 presents the distributions of ratings of the 
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TABLE 9 

Showing the Rrr Alumina di tween Four \ firs' Slum \rship and Various 

Indices 

West High School Girls N=46 Girls, 74 Ratings 


Grou[> 








.. 



Ratings Trait Fill 













Peri e m 










nted 


12 3 4 

5 6 

7 

8 

9 

10 

N 

Median 

5 nr higher 

Degree 

Enrolled 


1 

3 

5 

3 

4 

16 

8 S 

100 

(1 00+) 
Cancelled 


1 5 

2 

3 



11 

f> 9 

91 

(100+) 

Enrolled 

1 


1 

3 

2 


7 

8 5 

86 

(100-) 

Can celled 

1 

3 

3 

1 



S 

7 0 

8S 

(1 00—) 
Dropped 

4 2 

1 6 

6 

2 

1 


22 

fi 67 

59 

(LS) 

2 2 

1 3 

2 




10 

fi 00 

50 


Boj s 

N=47 

Bovs, 

(6 

Ratings 



Degree 

Enrolled 


1 1 

5 

4 


2 

13 

7 9 

92 

(100 + ) 
Cancelled 


1 1 

2 

8 


1 

13 

8 3 

92 

(100+) 

Enrolled 


1 

2 




3 

7 3 

100 

(1 00 ) 
Cancelled 

1 

1 1 

6 

2 



U 

7 4 

82 

(1 00— 
Diopped 

2 1 

5 3 

5 

1 



17 

6 2 

53 

(LS) 

1 

2 3 

2 

1 



9 

6 5 

67 


various categories as given m the preceding table with the addition of 
“obtained degree 11 

These figuies show a rnthei decided tendency to show gioup dif¬ 
ferences, since gills in the “favmable” categories aic l.ited 5 or moic 
100, 91, 88, and 86 pei cent of the time whereas only 59 pci cent of 
i a tings of those girls who cancelled with poor scholarship and only 
50 pei cent of those who were diopped foi low scholarship wcie lated 
5 or moie on “Capacity foi College Work ” Median ratings show 
the same tendency to disciiminatc 

The iatings of boys, while not quite as disciimmating in terms of 
the per cent who were lated five oi more, aie also diftercntiated bj 
their high school teachcis according to then latei peiformance to a 
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fair dcgice Median latings '’how this tendency more than the per¬ 
centage figures 

Combining the data fiom Tables 8 and 9 into one beat ter graph 
■diotf s a lelationsliiji .is given m Table 9,i 


TABLE 9a 
Rating 



1-2 

3-4 

5-6 

7-8 

9-10 

N 

Dt-giec 



3 

17 

9 

29 

Enrolled 1 


6 

31 

44 

14 

95 

Cancelled 1 


2 

6 

13 

5 

2G 

Enrolled —1 


10 

23 

19 

0 

52 

Cancelled —1 

S 

27 

61 

26 

1 

120 

or Dropped LS 







N 

5 

45 

124 

119 

29 

322 


On the basis of a crude analysis of these 322 judgments or ratings, 
it becomes apparent that «i situation exists here which is similar to 
that which exists when scholaiship is picdicted bv College Ability 
tests, That is, few individuals who arc rated “low” do satisfactory 
work, whereas a consideiable number who aie lated “high" do poor 
work All students who were lated as low as 1 or 2 failed to do 
satisfactory woik and Were eitbei dropped foi low scholarship or 
cancelled then legislation voluntarily No one who was lated as 
low as 3 or 4 obtained an Academic degree at the end of four years’ 
work. 

On the other hand, one student, with a latmg of 9 cancelled with 
low scholarship and 45 judgments of 7 or 8 on “Capacity for College 
Walk” were on students who had scholastic iccoids below 1 00, 
Twenty-six of them were dropped for low scholaislup oi cancelled 
out and 19 wcie emolied, but with low scholastir aveiagcs 

These lcsultx suggest lather decidedly that teachcis’ ratings alone 
are fairly valuable for predicting scholastic peifoimance over a long 
time period. In othei words, such subjective estimates seem to pos¬ 
sess a fanly high degice of validity 

This conclusion is supported by couelations between ratings and 
one quartei scholarship, by conefations between ratings and two 
years scholaiship, and by comparison of ratings with scholastic per- 
foimancc over three and foui yeai periods 

If such relationships obtain between ratings and scholarship foi the 
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total gioup of students, extieme cases should show the validity of 
teacheis’ latings to a gieatci extent Wc will, accoidmgly, sec wh.it 
relationship holds between ratings and pci furmnncc foi extreme cases, 
and particularly foi disciepanev cases 


Sensitivity or Ratings in Dirri-RENTiATiNC. Discri r \ncy CAsrs 


(rt) Disci epanev between Collet/e Ability Test scoies and Univer¬ 
sity achievement If teachers’ latings aie valid mcasuics of scholas¬ 
tic performance, extieme cases of high college ability and high scholas¬ 
tic attainment, low college ability, but high scholastic attainment, 
high college ability but low pcifoimancc, and low ability and low pei- 
formance, should be selected lathci accurately Some of these .up 
extreme cases of achieving accouhng to tested ability wlicicas othcis 
ai c cases of mai Iced disci epanev between ability and pci foi mnnee Wc 
wish to asceitain, then, how well teacheis can predict scholastic 
achievement lelaltve to tested ability. Table 10 contains data which 

will assist our analysis of this point 

The lecoids of 14 gals and 10 boys who graduated fioni Lcntr.il 
High School m 1925 arc presented in the uppei p.nt of the table and 
the records of 12 girls and 10 boys from the same high school m the 
senior class of 1926 arc picsentcd in the lower part of the table In 
such an analysis as is here undeitaken the number of cases although 
admittedly small is sufficient to test the sensitivity of ratings m differ¬ 
entiating such maikcd discicpnncy cases The anlvsts is based on 40 


cases in all, involving 127 ratings 

We may mterpiet the table as follows Three guls m the Iil-I 
gioup, for example, we.c given eight diffemnt ratings which aver¬ 
aged 8 4 on “Ability to Learn” 7.6on "In.uativc^ 7 8 on Industn 
71 on “Scholastic Zeal,” 7 6 on “Dependability, and 8 8 on Capa¬ 
city for College Work ” The average scholastic performance of t iesc 
g,rls is icpresented bv an Honm Point Ratio of 2 22, and then aver¬ 
age tested College Abilm is repicsented bv a percentile seme of C 
These guls aie a vciv select gioup, and relative to tlic otlici gumps 
are rated in all traits as supeiioi Their rating on Capacity or 
College Work” is particula.lv high This group is deal 5 
ferentiated from the other three groups bv average teacheis t ting 
It is logical to expect that those who have low tested abi^v bi it 
achieve high grades will be relatively industrious, and hat those 
who have high ability but do not do satisfactory work will be rela- 
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tivcly lacking in industry 'L Ins logic is not suppoited by teachers’ 
latings, howcvei, since the one girl who was of lmv ability as tested 
but who achieved satisfactory was given an avciage lating by three 
teathcis of 6 3 on “Ability to Learn,” of 5 7 on "Capacity foi College 
Woik,’ and only 4 0 on “Industiy” anti "Scholastic Zeal” On the 
othei hand, five guls, who had relatively high ability as tested hut did 
pooi woik in the University, were given 14 intmgs which averaged 

6 9 on “Ability to Loam,” 6 2 on ‘'Capacity foi College Wcnk,” and 

7 2 on Industiy”! Although given an aveiagc rating 6 higher limn 
the LI-HU individual on “Ability to Learn," they wcic given an 
aveiage lating of 3 2 higher on “Industiy” Clcaily, there is lack 
of diffeientia! lating sensitivity in this situation The trend which 
exists seems to follow tested ability rathei than actual achievement, 
and this tiend is found foi all tinits 

Ratings of the 1925 gioup of boys seem to have little tliflcienti.il 
value. This is consistent with the low coirelations obtained between 
ratings and scholaiship for this group as given cailici in Table 5 

Ratings of the 1926 group of gills reveal a similai tendency as was 
found in the ratings of tile 1925 group of girls, with one maikcil 
exception The III-HU gioup is differentiated from the othei three 
gioups in all traits, but the other three gioups arc rated at being quite 
homogeneous The i a lings follow achievement lather than tested abil¬ 
ity to a slight degiee in some traits, particularly tn Tiait VIII, “Capa¬ 
city foi College Woik,” and “Industiy M This time the LI-IIIJ 
group is rated 7 3 on “Industiy” as compared to 8 4 for the 1II-IIU 
group, 6 2 for the III-HU group, and 5 7 foi the LI-LU gioup Logi¬ 
cally the LI-HU gioup should be even inotc in dust nous than the 
III-HU gioup, since they achieve satisfactmih despite handicaps of 
low capacity Fui theimore, it might be expected that the LI-LU 
group would be nunc indust nous than the III-LU gioup, but they 
are l a ted as lowei 

Ratings of the 3926 group of boys follow the tested ability of each 
group to a maiked dcgicc and do not diftcicntinte accoiding to 
achievement 

These lcsults suggest that very high ratings b\ teacheis ni.iv be 
significant for use in picdictmg scholastic achievement, though they 
tend to follow tested abilitv more closely than actual achievement 
Theie is present, also, fuithcr evidence for a lack of analytical judg- 
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mcnt in lating, 1 e , teacheis do not seem to judge according to speci¬ 
fic merits and weaknesses of personality. 

A Partial Analysts of the Basis of Teachers’ Ratings 

In the picceding section we found that teachers’ ratings tend to 
confoim more closely to tested “Academic Ability” than to actual 
achievement We found that presumably “lazy" students were rated 
about as high in “Industry" as hard woiking or noimally industrious 
students This finding suggests that the latings are ielated more di¬ 
rectly to the '‘examination value" of their students than to teachers’ 
knowledge of the possession of various specific traits by their students 

In order to follow up this suggestion, coefficients of con elation weie 
computed to determine the relationship between ratings and high 
school scholaislup Couelations between high school scholarship and 
univeisity scholarship were also obtained Partial coefficients of 
correlation between ratings and university scholarship, with high 
school scholarship held constant, weie then computed The correla¬ 
tions obtained between teachers’ ratings and high school scholaiship 
lor those students who entered the University ot Minnesota aie pre¬ 
sented in Tables 11, 12 and 13 

Apparently, according t'o the figuies presented in the above tables, 
teachers’ latmgs coirelate to a marked extent with high school schol¬ 
arship This relationship seems to be closer than the relationship be¬ 
tween ratings and umvetsity scholarship, and gives some suppoit to 
the suggestion which was mentioned earlier, namely that ratings may 
be based upon "examination value” instead of specific behavior char¬ 
acteristics. 

Coefficients of coirelation, zeio older, between high school scholar¬ 
ship and university scholarship aie 

West High School' Girls -{-65±06 Boys -{-65±06 

Central, 1925. Girls 74± 06 Boys 32± 13 

Central 1926 Girls -{-,69± 07 Boys -}~ 50± 11 

These correlations are about the same as those which usually obtain 
between scholarship in the University of Minnesota and high school 
records from huge high schools such as West High school and Central 
High School Variations which occur are probably due to the small 
number of cases in each group. 

The next table, number 14, contains paitial coefficients of correla¬ 
tion between teachers’ ratings and scholastic achievement in the Uni- 



T. A. I ANGLIC 


419 


TABLE 11 

COEFFICIENTS 01 CORRfcl AT ION SHOEING ML RFI ATtONSIIIP BITYWFN I 1 AUIHtS' 
R \iings \nd High Schooi Scholarship 
West Iligli School 74 Ratings on +6 Girls* G6 Ratings on 47 Bins* 


Traits 

I 

II 

III 

IV 

V 

VIII 

Totals 

Girls 

Boys 

65± 06 
62± 06 

66± 06 
66± 06 

63 ±06 
54± 07 

*o “O 

+1 +1 
f-n —• 
VO va 

65± 06 
58± 07 

70± 05 

66± 06 

67± 06 
63±06 


TABLE 12 

CoErncins rs oi Corrh atioh Showing tip Ru yiionsuu* dhiVhn li acinus' 
Ratings and High Sciiooi Scholarship 
Centi al High School, 1925 98 Ratings on 27 Girls * 90 Ratings on 21 Boys * 


Trails 

I 

II 

III 

IV 

V 

VIII 

Tomls 

Guls 

62±,08 

56± 09 

54± 09 

60± 09 

49± 10 

7f±,06 

67 ± 07 

Boys 

31± 12 

26± 13 

52± 10 

40 ± 11 

29± 12 

47 ± 10 

4S± 11 


TABLE 13 

Coefficients oi Correi ation Showing thi Rti ationship ninvitN iFAUints’ 
Ratings and High Sciiooi Schoi arshii* 

Centi al High School, 1926, 71 Ratings on 26 Girls* 60 Ratings on 22 Boys'*’ 


Tiaits 

I 

II 

III 

IV 

V 

VIII 

Totals 

Girls 

Boys 

58± 09 
49± 11 

50± 10 
+ 5± 12 

61± 08 
67±08 

5fi± 09 
,68± 08 

50± 10 

66± 08 

68± 07 
71± 07 

66± 08 
69± 08 


’Probable ertors computed on basis of number of individuals, not on 
basis of number of ratings 


TABLE 14 

CorrncitNTS or Correi ahov hi iwii'M Ruing* and Uvivutsm Scholarship, 
with High School Schoiarsiup linn Constant 



I 

II 

III 

IV 

V 

VIII 

’lotal 

West, 1924 

20 

07 

Girls 

25 

09 

15 

27 

27 

Central, 1925 

17 

08 

19 

H 

13 

29 

21 

Ccntial, 1926 

09 

00 

05 

— 05 

08 

02 

0+ 

West. 1924 

13 

00 

Boys 

10 

— 05 

10 

28 

29 

Central, 1925 

— 02 

01 

02 

— 03 

03 

08 

— 02 

Central, 1926 

24 

15 

00 

02 

12 

06 

IS 
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versity of Minnesota, when high school scholarship is held constant 

Bv holding high school scholarship constant, the coefficients of 
correlation between teuchets' ratings and university schol.iiship diop 
maikcdlv These coirelations suggest that teachers’ ratings correlate 
with univeisitv scholarship only in so far as they correlate with high 
school records 

The writer lecogmzcs that there are pitfalls in the way of inter¬ 
pretation of p;u tial coefficients of con elation Careful analysis on 
logical grounds of factois at work is necessaiv bcfoie any conclusions 
can be drawn as to cause and effect It would seem, howevei, that 
unless high school giades aic deteimined by attitudes of "liking” 01 
"disliking” on the part of the teacheis, that teacheis foim then judg¬ 
ments m all traits included in this study on the basis of achievement 
in high school At least, judging on the basis of the practically zero 
coefficients of correlation which ate obtained between 1 a tings and 
«cholaislup with high school achievement partialled out, teacheis’ 
ratings add nothing significantly to high school lecoids foi predicting 
univeisity scholar ship 

Further evidence that teacheis’ latings and high school scholarship 
are more closely iclated than latings and univeisity scholarship is 
found by companng l.itings with location on the scattcrgmph iepie- 
senting the coi relation between univeisity scholaiship and high school 
scholarship. This comparison will be similar to the analysis of lat- 
mgs of discicpancy cases, except that vie will not be concerned with 
maiked agi cement 01 disagreement between high school records and 
university scholaiship The data foi this analysis are contained in 
Table 15 

A lathei maiked relationship is found hcie between high school 
achievement and ratings Those who had high standing in high 
school weie i.itcd high regaulless of then latei performance m the 
Univeisitv Those who ranked low in high school weie rated Low, 
without diffcientiation accoiding to their university pcifoimance 
This tendency is mote pionounced heie than it was in the comparison 
of disciepanev cases eaiher. 

Even though we cannot be sure of the natuie of "cause and effect” 
in this situation we have evidence which leads us to believe that teach- 
cis’ intings have validity foi use in picdicting scholastic achievement 
only in so far as they represent achievement in high school It would 
seem that foi use in guiding college students that teachers’ estimates, 
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TABLE IS 

Ratings on Studintj>in ihl Four Quadrants or Tut Scan lrgraphs Showing 
tht Tin vnoNsmp ntfvvn n High Suiooi. Scmoi arshii' \nij 
University Sciioi vrship 


Group 

Selected 

N 

Ratings l 

II 

III 

IV 

V 

VIII 

Av 

II P R 

Av 

H S I» R 





GirU 






Central 1925 










HII-HU 

5 

13 

8 6 

7 9 

8 2 

7 8 

8 1 

8 9 

2 33 

91 

LII-IIU 

2 

5 

5 + 

5 0 

5 4 

5 8 

5 4 

5 8 

1 07 

21 

HH-LU 

2 

4 

6 3 

5 5 

7 3 

5 3 

5 8 

6 0 

94 

80 

LII-LU 

1- 

11 

45 

4 2 

5 2 

I 1 

5 6 

42 

— 20 

]f> 

Central 1926 










IIII-IIU 

4 

12 

8 1 

8 0 

8 1 

7 8 

7 9 

8 0 

2 41 

9S 

LH-IIU 

1 

3 

5 7 

5 3 

6 3 

5 0 

5 3 

5 7 

2 33 

50 

HH-LU 

2 

5 

7 2 

70 

7 2 

7 0 

6 2 

6 8 

24 

68 





Hoj s 






Central 1925 










IIII-IIU 

4 

11 

66 

6 3 

67 

5 8 

■1 9 

6 1 

1 60 

79 

LII-IIU 

0 

0 

None 







HII-LU 

3 

8 

6 5 

6 3 

68 

5 I 

5 5 

6 6 

77 

81 

LII-LU 

6 

14 

5 4 

4 5 

12 

4 1 

I 3 

4 5 

13 

15 

Central 1926 










1IH-IIU 

2 

6 

87 

83 

8 3 

8 5 

8 0 

87 

2 57 

95 

LII-HU 

1 

3 

50 

30 

43 

3 0 

40 

47 

1 33 

11 

HH-LU 

2 

5 

6 4 

64 

7 6 

7 4 

7 0 

7 0 

28 

71 

LII-LU 

3 

9 

57 

5 6 

47 

4 1 

4 6 

46 

22 

18 


Note IIII-IIU refers to the nr imp who attained, to high standing u» high 
school and also at the university 
LII-I1U low high school scholarship, high university scholarship 
IIII-LU high high school scholaiship, low university scholarship 
LII-LU low scholarship m high school and in the university 
Av II PR refcrs*to the Honor Point Ratio 
Av II S P R refers to High School Pciccntile Rank 

■when obtained undci usual conditions and ft ora laige high schools, 
add no significant information to other nunc tellable measures of 
aptitude foi college woik In paiticulai, they do not seem to con¬ 
tribute significantly to high school standing as a piediUivc device 

Summary 

On the basis of the picccding analysis of tcacheiV subjective esti¬ 
mates of personality traits it appeals that such estimates, although pos¬ 
sessing a fair degiee of validity foi picdictmg umvcisitjr scholaiship, 
do not add significantly to moie objective measures, such as high 
school scholaiship The evidence for this conclusion is as follows 
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1 There is .1 low degree of validity in terms of the personality tiaits 
being rated as evidenced bv coirelations between ratings by different 
teachers of the same students of flora + 17 to -J-.40, with an average 
of -f 35 One icason for such a low degiee of agreement among 
rateis in then estimates is probably due to lack ot similar contacts 
with their students 

2 Ratings on "Ability to Learn" con elate to a fair degiee (4-50) 
with College Ability Test scores, indicating a fair degiee of validity of 
i a tings on this trait When aveiaged latings are used their accuiacy is 
repiesented by a coefficient of couelation of about -(- 55 

3 Personality iatmgs coi relate with subsequent' scholastic per- 
foimance to a fan degiee 

( a ) Scholastic lecoids foi one quaitei are predicted by ratings to 
an extent icprcscnted by coefficients of correlation of -{- 08 to -{-.68 
with an average of -{-.38 "Capacity for College Work” ratings cor¬ 
relate with achievement to an extent of from -{-.22 to -{- 68, with an 
aveiage of -{-49 Averaging thiee iatmgs increases the coirelation 
to some extent, though not significantly 

(b) Prediction of long time scholarship is about as accurate as 
picdiction of one quaitei’s scholastic recoid 

4. Teachers' ratings do not differentiate those whose records on 
the College Ability Test are in disagieement with their univeisity 
rccoids Ratings tend to follow test scoica more closely than scholar¬ 
ship indices 

5 This tendency to be lelated to test tecords rather than to uni¬ 
veisity scholastic lecords in ratings of discrepancy cases suggested that 
ratings are based on the "examination value” of the students This 
suggestion was followed up by the paitial corielat'ion technique, and 
although conclusions as to cause and effect must be lendered with 
care, there is evidence that teachers’ iatmgs do not add significantly 
to High school lecords in picdicting umversit 3 r scholarship This 
conclusion is based on partial conelations of from — 13 to —{-.29, 
with an average of -}- 10 between iatmgs and university scholarship, 
when high school records are held constant 

Ratings of students whose university and high school records dis- 
.tgiee arc related to high school lecoids lathei than university records 

Discussion and Conclusions 

In this section attention will be given briefly to the general status 
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of the pioblem of personality ratings In this connection, ccitain 
implications arising out of oui data and analyses will be discussed 
Smcc discussion of specific findings lias already been made in pre¬ 
ceding sections, repetition at this point would seen* to be unnecessary 
It is not necessaiy to review the history of testing to emphasise the 
unreliability and lack of validity of individual teacher’s judgments of 
achievement, and vet then estimates ot the pcisonality and charactei 
tiaits of then pupils is commonly accepted by many college adminis¬ 
trators and othcis The situation is anomalous, since it is recog¬ 
nized by experts that tcacheis’ judgments of achievement in paitimUt 
subjects are liable to giavc cirm when using essa\ type examinations, 
and vet they aie expected to judge tiaits which are inestimably in¬ 
finitely moie complex than achievement in spelling <u arithmetic with 
sufficient accuiacy to justify the use of those estimates in the guidance 
of college entiants 

Accoiding to the lesults of this study, tcacheis in huge high schools, 
rating under conditions such as would be likely to exist in practice, do 
not judge students in regaid to possession of peisonality tiaits xvith 
sufficient leliability to wariant the use of then estimates foi place¬ 
ment and guidance of university entrants Specific personality traits 
aie not rated independently of each other, but each rating is affected 
by the genetal attitude of the feachei This general attitude seems 
to be closely 1 elated to high school achievement So much is this the 
case, that ratings con elate but negligibly with university scholarship 
when high school lecoids aie held constant 1 

Such lesults are in gcnei.il agreement with the reports of other 
mvestigatois Kornhauser (4), for example, obtained coefficients of 
con elation between 1 a tings of diffeient teachers of -|-.38 ami + 41 
He obtained consistency coefficients for a few teachers who latcd the 
same students twice These coefficients aveiagcd T 60, indicating 
bettei agicement with self than with others He concludes, 

The agi cement is not as uniformly close as might have been 
hoped for Thcie is evidence that instructors change their 
ratings of particular students considerably from one quarter to 
the next, To what extent this is reasonable and to be expected, 
we do not know Wc are probably justified in interpreting it 
as due to insufficient knowledge about the people rated But it 
may be that it represents, in part, actual changes in the be¬ 
havior and attitudes of the students In anv case, this factor 
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is one of the important causes fer the nnsatisfactoiv final 
average ratings 

The chief 1 casons foi lack of reliability of latings piobably is trace¬ 
able to the complexity and specificity of the tiaits rated, and to a con¬ 
fusion between eqiuvocante and equivalence as pointed out by Johnson 
(1) and between the jingle and jangle fallacies, as pointed out by 
Kellcv (2) That is, despite the use of similar names and the same 
descnptions, diffeient teacheis lead them and undeistand them dif¬ 
ferently The lemedy, obviously, would be to supply much moie 
complete descnptions of the tiaits to be rated, and even then weights 
should probably be assigned to the elements winch compiise the gen¬ 
eral trait Such a task is waiting accomplishment, and until it is 
accomplished judgments of peisonality traits will continue to be un- 
satisfactoiy If Johnson's aiticle on "Some fallacies underlying the 
use of psychological 'tests’ " (1) is sound, and the wntcr believes it 
to be so, then tcacheis’ latings, as at piesent obtained, aie even more 
subject to attack on the same bases The mailced lack of agicement 
among teachers when lating such tiaits as die usually included in 
rating scales is evidence foi these conclusions No one would con¬ 
sider depending on objective tests with reliabilities as low as -f- 60 
and yet teachers’ latings, winch are no moie reliable, are actually be¬ 
ing used administratively in our schools and colleges 

There is urgent need for personality analysis, howevci, and since 
feAv “objective” tests aic available, teachers’ ratings will be depended 
upon foi some time to come But the solution of the problem will 
not be hastened by the indiscriminate use of rating scales. Careful 
tiaming of teachers in habits of observation, analysis, and judgment 
is necessary 

Before such training can result in satisfactory mcasuies of person¬ 
ality traits, definition of those traits is impelative. In fact, analysis 
of behavior components, and foimulntion of definitions and specific 
descriptions would become the basis and furnish the content of a 
tholough plan for tiaming teacheis to obseive, and enumerate signi¬ 
ficant phases of pupil bchavioi Teacheis, psychologists, and per¬ 
sonnel administrators should deteimine what specific bchavioi traits 
aie to be included undei each generic teim. That is, they should detei- 
mine what specific behavior tiaits aie a manifestation of “Initiative,” 
of “Industly,” of “Dependability,” etc In this way complete de¬ 
scriptions of each “tiait” would be obtained and scales developed 



T A LANtiLU 


425 


thiough lcseaicli ‘'Rating'’ bv teaclicis would then merely consist 
of ail indication of the piescnte or absence of each unit behavior 
trait in the same manner ns the} now determine the “lightness” or 
‘ wiongness" of each answer on a “newtvpc” examination Aftci 
standardization of such scales, degrees of value for each unit tiait 
could be detenmncd by rescaich, not bv the judgment of each teacher 
when rating a patticulai student When this is done, ratings will 
no longer leflcct the teachers’ response to the student as much as 
the actual behavioi of the student 

ihe picscnt situation with lcgaid to the utings of high school 
semois tin ns out to be com pa i able to the situation found bv Rung in 
the 1 a ting of officeis m the U S Aimy (5) At the end of his ex¬ 
haustive study of aimy latings, he wiotc, “Study the data of this 
investigation as you will, one conclusion pieces msistentU—the 
complex tiaits of diameter must he measured objectively, not judged " 
Ceitamly public schools will find it admin intuitively difficult, if 
not impossible, to scenic three independent competent rating*, on 
eithci a pupil or a teachct For diagnostic and tunning pm poses 
helpful analyses can he made bv question schemes But for the 
advancement of science, of education, and the better fitting of people 
for then life woik and play we need to anahzc chaiactu in great 
detail and to mensuie it objectively The ineasmement of dynamic 
pcisonal and social trails stands today where the measuiemcnt of in¬ 
telligence did 25 yea is ago—on a puielv subjective basis Twenty 
years of laboiatoiy measuiement of specific functions preceded a 
decade of important synthetic work Since Binct’s onginal sjntlictic 
scale of 1908 we have moved mpidly fmwaitl in the objective meas- 
uicment of general intellectual ability, through the betteinicnt of in¬ 
dividual tests and the constiuction of gioup tests foi mcasuiing in¬ 
telligence 

But personality, character tempo lament, disposition,—the funda¬ 
mental complex attiihntes and then component dynamic tiaits—we 
have not even analyzed into their constituents, let alone made ade¬ 
quate tests foi them” (Rugg, 5) 
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THE MENTAL DEVELOPMENT OF CHILDREN 
FROM UNDERPRIVILEGED HOMES * 1 

Statr Uiiivcutly of It<wa 


Harold M. Skfels and Eva A Fiilmore 


Problem 

Familiarity with the pattern of IQ 's of children m the same family 
when admitted to an orphanage suggested the picsent study Scan- 
mg of family recoids made it seem pertinent to investigate whether 
there was really an unusual, consistent downward trend of IQ's 
among the older members of a family, whether the length of stay m 
the type of home represented might be related to mental status as 
measured by the Stanford-Binet examination 

Subjects 

As part of the research program of the Iowa Child Welfare Re¬ 
search Station in coopeiation with the Iowa State Board of Control, 
children are given mental examinations as soon as possible after 
entrance to the state orphanages The examiners are staff members 
who have had long experience in mental testing and dealing with 
children m varied situations For this study recoids were used from 
one orphanage since its children provided an age range satisfactorily 
wide for the purpose There were 132 families, each having two or 
more cluldien who had been tested within a short time after entrance. 
The laige number in residence at its beginning were lost to tins study, 
since only those tested promptly aftei entiancc could be considered. 
As a rule the tests were made within a few days or at the latest a few 
weeks after entrance These families provided 407 children langing 
in age fiom one to 14 years The laigcst family had eight cluldien 
with the mean number pei family, three 

*Kcceh'ed in the Editorial Office on December 18, 1936 

H he writers wish to express their appreciation to tire Iowa Board of Con 
trol of State Institutions which at all times cooperated in making possible 
research studies of state wards, to Mr Sv'l McCauley, Superintendent of the 
Iowa Soldiers’ Orphans' Home, at which institution the children in this 
study were examined, .ind to Dr George D Stoddard, Director of the Iowa 
Child Welfare Research Station, who has made possible this study 
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Family Background 

A necessary pait of this reseaich was the investigation, of the back¬ 
ground in which these childlen had been reared Whatever might 
he shown about their intelligence must be interpreted in relation to 
the borne situation. Matciial about the family and home was found 
in the family histoiies sometimes submitted as part of the official pio- 
ceduie of entering a child in the institution Such records contained a 
ceitain amount of factual data about the pments as well as descriptive 
accounts of an impressionistic nature These lecords were m some 
cases veiy fiagmentaiy, but there were enough facts available for the 
gioup to give a picture considered adequate for ihc pm poses of the 
study. 

Status of Patents 

{a) Occupations For 71 families the occupation of the fathei 
was given m the history These weie lated accoiding to the classi¬ 
fication of occupations of employed males in the United States from 
the report of the Pout tee nth Census of the United Slates, Volume 4, 
1920 [cited by Goodenough (2, Appendix, pp. 501-502)], as shown 
in Table 1 


TABLE 1 


Group 

Number 

Total 

Per cent 

1 

0 



2 

0 

0 


3 

6 



4 

2 



5 

IS 

23 

32 4 

6 

12 



7 

36 

48 

67 6 


Judged by tins standaid, 67 6 per cent of the fathers were employed 
as dav laboicrs, slightly skilled woikmen, or in occupations lequinng 
little ti.lining oi ability The remainder were m semiskilled or 
skilled occupations, clencal positions, business, and faiming None 
weic in the ranks of piofessional occupations The 67 6 pet cent in 
the lower lankmg occupations may be contrasted with the 32 2 pei 
cent of such workers m the nation as a whole. On the basis of occu¬ 
pational level, it might be assumed that constructive opportunities 
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for the child ten had piobably been limited Such an assumption ap* 
pea is valid when facts enumciatcd latei are also considcicd Al¬ 
though the occupational status was given for only a part of the gioup, 
these families seemed to have enough charnctei istics in common with 
tl»e others to make them a typical sample of the 132 families. 

(b) Education The educational status of the patents is shown in 
Table 2 

I ABLE 2 


School 


Gi ade 
Reached 

Both Parents 
Motheis Fatheis 

One Pa lent 
Mothers 

2 

2 

0 

2 

3 

1 

2 

3 

4 

1 

3 

1 

5 

2 

t) 

2 

6 

4 

3 

7 

7 

3 

1 

3 

S 

IS 

16 

20 

9 

3 

0 

4 

10 

5 

5 

( 

It 

1 

0 

1 

12 

1 

4 

2 

Some 




college 

0 

1 

0 

Total 

38 

38 

51 

Mean 

7 S 

80 

7 S 

Median 

8 0 

8 0 

S 0 


For 38 families rccoids of both pnicnts were given The grade 
mnge of the motheis was two to 12, with a mean giadc of 7.5 The 
fathers* range was tlucc to 12, with one haring an unstated amount 
of college training, thou mean was giadc eight The median foi 
each group of 38 paicnts was gtade eight 
When the lecoid foi motheis as a group weic considcicd time 
weic 51 The mean was again giade 7 5 and the median again giadc 
eight 

(c) Residence in Institutions In these 132 families, of the 111 
mothers living at the time the children entered the oi plumage, 18 or 
16 2 pei cent weie icsidcnts of state or countv institutions Eight 
were in insane hospitals, five in the lefoimatoiv, two in homes for 
feeble-minded, and three m county homes foi the indigent. Of the 
119 living fatheis, 19 oi 17 1 per cent weic lcsitling in institutions 
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Nine were in the penitential y, four in jails, four in insane hospitals, 
and one in the icformatorv 

In addition to the foregoing gioup of parents, there were five 
mothers and 18 fatheis who at some time had been in institutions 
Thirteen had been in jail, four m the penitentiary, four in insane 
hospitals, and two in the refoimatory 

Deseition of Family Eleven families had been deserted by one of 
tlie parents In two families both parents had left 

Family Situation Although based on evidence for only a part of 
the families, it is consideted that the findings with respect to the 
status of parents arc typical of the whole gioup The dcscnptions 
of the homes, the chaiactenstics of the parents, and the estimates of 
their capacities give a wider langc of evidence than the numerical 
data, and it all creates a pictuie of sameness It is felt that had theie 
been more tecoids of occupations and education they would not have 
changed the levels as found The gioup appears a homogeneous one 
in which parents were laigely in the lower occupational levels, with 
the average education being the eighth grade While poor economic 
status and lack of educational opportunities need not neccssanly be 
considered damaging, there were in these families othei facto is that 
could not be compensated foi The apparent low mentality of many 
parents, the poor condition of the homes, lack of paiental icsponsi- 
bdity, and the presence of insanity and iaw-bleaking activities created 
circumstances of underpnvilege to an extreme degree. We con¬ 
clude then that wc have a gioup of childien rcaied in homes quite 
uniformly of a type that could not provide more than a minimum of 
stimulation toward mental development. 


Mental Status of Children 

IQ Distiibulion foi Entue Gioup With a mean IQ of 88 5, 
this group of 407 children, one to 14 yeais of age, is seen to lcpiesent 
a lowei level of intelligence than prevails in the population at large 
Taking the oiphanage entrants, five to 14 years of age, in companson 
with an unselected gioup of the same age mnge (3), the extent of 
the lowei IQ's is shown (Figuie 1). 

IQ Dish ibutton by Age When considered by age, it is seen by 
the tabulation in Table 3 that the groups which leach or exceed 
the mean for the whole, 88 5, are under 10 years of age 
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FIGURE 1 

Distribution of IQ's or 330 Orphanage Entrants and 905 Unsfiected 
Children, Ages Five to 14 Years 
[Fig 2, p 66 (3)] 


TABLE 3 


Cli rono- 
logic al 
age, 
years 

Num¬ 

ber 

Me in 
IQ 

1 

8 

108 4 

2 

27 

93 3 

3 

22 

87 7 

4 

20 

92 6 

5 

42 

89 7 

6 

24 

98 0 

7 

37 

92 2 

8 

35 

90 7 

9 

SI 

88 7 

10 

34 

854 

11 

37 

83 3 

12 

35 

81 6 

13 

17 

79 6 

14 

18 

79 9 
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Theie is no steady tiend in IQ among die youngci age gioups, but 
beginning with year eight the mean IQ is lowet than that foi the 
preceding age groups combined The downwaid tiend tlien con- 
tinues 

The distinction between the two age gtoups, below and above eight 
yeais, is seen when they aie compaied with an unselected gioup (3) 
(Figure 2) Since the unselected gioup begins with yeat five, foi this 



Distribution or IQ's nv Age of Orphanage and Unselectld Children 
[Fig 2, p 66 (3)] 

comparison the oiphanagc gioup is begun at this point likewise While 
both oiphanagc gioups show a decided swing downwaid hom the 
normal pattern, with highci peicentages of lower IQ\, the deviation 
is much more marked foi the oldci gioup 

Since a slight decrease in IQ foi successive age gioups has quite 
commonly been found, it i cumins to be seen how the decicase foi the 
oiplumage gioup complies with that foi unselccted childien For 
compaiison the IQ’s by Age of Tciman’s 905 unselccted children aie 
used (1) While thet show a slight fluctuation below then mean of 
102 0 beginning with year 12, the oiphanage gioup shows a gieatei 
one below then mean of 87 5, beginning with year 10 (Figuie 3) 
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4H 



Mean IQ by Agu of 310 Orphanage Entrani-s and 905 Unsliccicd Chudrfn 
[Fiom table in 27th Yenrbook (1)] 

IQ and Length of Stay in Under privileged Home. Since the age 
of the clulchcn as used in the pieeeding summaiies was taken as of 
the time of enhance to the oiphanagc, age thciefoie cone-,ponds to 
the length of tunc spent m the child’s own home Homogeneous as 
tins gioup has been shown to be in lespect to family background, it 
is considered that the findings foi age groups aie one indication of 
the relation of IQ to length of tune in the home. While it is known 
that the younget children in these homes have not been m stimulating 
surioundings, the eflect of this is a mattei of time as these results 
suggest Although theie aie fluctuations by age among the mean IQ\ 
of the youngei childien, on the whole they maintain a luglici level 
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than do the oldei ones Hovvevet, aftei seven vcais in homes of a 
decidedly pooi charactci, the mean level of intelligence drops with 
each successive age group With the chfteiences between each age so 
slight as to be insignificant, the emphasis is, of corn sc, put upon the 
tiend as a whole Although lengthening the child’s stay in the home 
by one year apparently makes no diffeience, a comparison of age 
groups two years or more apart suggests that among children in the 
upper age levels it may be possible to detcimine a 1 elation between the 
inciemcnt of stay and the extent of IQ decrease Gioss comp a u sons 
of the means of various age gioups suggest that when child)en have 
been in these homes for 11 years, a mental level has been icached 
from which there is little deviation (Table 4) 

TABLE 4 


Comparison of Mean IQ's of Various Age Groups 


Age 

Groups 

Years 

\ 

Younger 

Mean IQ 

Oldei 

Diffeience 




Two Years 

Diffeience 


8 

and 

10 

90 7 

85 4 

5 3 

9 

and 

11 

38 7 

83 3 

5.4 

10 

and 

12 

85 4 

81 6 

3 S 

11 

and 

13 

83 3 

79 6 

3 7 

12 

and 

14 

81,6 

79.9 

1 7 




Three Years 

Diffeience 


8 

and 

11 

90 7 

83 3 

74 

9 

and 

n 

88 7 

81,6 

7.1 

10 

and 

13 

85 4 

79,6 

5 8 

11 

and 

14 

83.3 

79,9 

34 




Four Years 

Difference 


8 

and 

12 

90.7 

81 6 

9 1 

9 

and 

13 

SS 7 

79 6 

9 1 

10 

and 

14 

85 4 

79 9 

5 5 


Mental Status of Siblings as Related to Length of Stay 

in Home 

Method of Companson To investigate fmthei the lelationship be¬ 
tween length of time in the child's own home and IQ> children in 
the same families weic paiicd with each othci Each child was com¬ 
pared with eveiy other one in his family, record being made of dif¬ 
ference in age or length of time in the home and the IQ's of the older 
and younger membcis of each pan Since the family baclcgiounds 
were homogeneous, all the data provided by these pairs of siblings 




HAROLD M. SKUIS AND EVA 


A FIT.LMOU!' 


435 


AVC,C used in the vanous classifications This method resulted in the 
older or first and second members of the family appealing in more 
pans than the younger ones This would be objectionable if the 
o del ones weie largely from the upper age groups m which the lower 
IQ s Pievail, m which case an overweighting dovvmvaid would occur 
111 “ c IQ 5 °* the older Htembeis of the pairs However, this dul 
not happen m tins gioup since the first and second childien weic ot all 
ages from two to 14 years Moreovei, the disti ibution on the basis 
of age differences (various duration of stay) provided a fuiHier 
moans of offsetting unfair conccntmtion 


JQ AND Various Lengths oi St\y in Homp ior Ciiiidri-n oi 

All Agfs 

As pieviouslv stated, age differences between siblings were equiva¬ 
lent to the time spent m then own homes Foi the pairs these dif¬ 
ferences showed the length of time which the oldei members of a 
family had been in the home beyond that of the younger members 
Fot each time difteience theie was also the IQ of the nldci and 
youngei child foi whom the difference had been obtained On the 
basis of time differences m units of veais, mean IQ’s weie computed 
foi all older members and youngei members of the pairs in each time 
categoiv 

The lesults of the compausons of IQ’s (Table 5) indicate tliat a 
difteience in length of stay in the home of one year is not joined with 
a significant difteiencc m IQ When the length of stay is two veais 
longer foi the older members, then the IQ’s are lower to an extent 
very near to complete leliahdity However, when the difference is 
extended to tluce ycais, it is then reliably established that the children 
who have been in the home that much longci than then siblings ac¬ 
tually have lower IQ's With wider intervals of yeais’ stay this dif¬ 
ference between the oldei and youngei children is sustained, although 
With not quite as high a ceitainty of significance, perhaps due to the 
fewer individuals lepiesented 


IQ and Length or Stay in the Home for Slllctld Age 

Groups 

Further analysis of the relation of IQ to the length of time children 
stayed in their homes was made by comparing gioups of siblings of 
specific ages Since small differences in IQ were found foi children 
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TABLE 6 

'Differences between Mean IQ’s of Siblings of Selected Ages 
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undci eight icais of age, it was consideicd of mteicst to dote inline 
how they might differ from siblings of the following ages* eight and 
nine years, 10 and 11 years, and 12 and 13 yeais i espcct'ively The 
results foi these selected groups follow the same tendencies noted 
for the children as a whole (Table 6). While the groups below 
eight years si lift, inclusion in them depending upon having siblings of 
the pi escribed highei age range, the mean IQ does not vaiy much 
Those in the same families who have been longer in the home show 
a decieasing mean IQ The difteiences in IQ between youngci and 
older childien are seen to mciease with the lengthening of the age 
difference or the time which the older gioup has been in the home 
m excess of the \ounger gioup Time diffeiences of 3 5 years, 5 2 
yeais, and 7 1 yeais likewise correspond to increasingly significant 
differences between younger and oldei children in icspect to mean 
IQ Thus it may be infetred that in the type of home represented 
oldei childien aic definitely and lncieasmgly inferior to those siblings 
undei eight yeais of age 

Summary 

A gioup of 407 oiphanage entrants belonging to family gioups have 
been studied with leference to home background and the develop¬ 
ment of intelligence in iclation to the type of homes lepiesented 
The findings are as follows 

1 These children came from unifoimly poor backgrounds, as 
indicated by low economic status, limited education of parents, and 
conflict with the law 

2 The level of intelligence of the childien, one to 14 years of 
age, is shown by a mean IQ of 88 5 

3. Children under eight years of age aie of a highei mental level 
than those older 

4. The IQ ’s of the older childien deciease with age to a gieatcr 
extent than is found for unselected children, suggesting the retarding 
effect of poor homes on mental development 

5. Foi siblings of all ages a difteiencc of thiee yeais’ stay in the 
home conesponds to a significant difference between the IQ’s of 
pairs sepai a ted by that diffeience 

6 As the length of the slay in the home incieases, the mean 
IQ’s of groups likewise decrease in a significant degice 
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THE FREE WORD ASSOCIATION OF ELEMENTARY 
SCHOOL CHILDREN* 1 

North Carolina State College 

William McGlhbe 


I Reaction Timls 

The present investigation has developed out of .1 seaich for an ade¬ 
quate wo id list to be used in examining elementary school children bv 
the free word association method An examination of the literature 
concerning the free word association method revealed that no ade¬ 
quate investigation has been repotted which deals with the icaction 
tunes of children to any stimulus list The studies of Woodrow and 
Lowell (13), the Rosanoffs (8), and Whe.it (11) omitted any 
compiehensive investigation of reaction times The early study of 
Rusk (9) presents data from only 22 children ranging in age from 
seven and a half to fourteen and a half years The psychological 
clinician, thciefore, who uses the fiee association technique in ex¬ 
amining children has no basis of fact to which to pin his conclusions 
regarding the reaction times of children. 

The purpose of this investigation, therefore, is to study the re¬ 
action times of children of elementary school age in oidei to deter mute 
if cither sex or age diffcicnccs are levealed by diftci cnees in reaction 
times Secondarily, the present mvestigatoi will piesent any etiolog¬ 
ical factors of reaction time which aie found in the course of investi¬ 
gating the major problem. 

It would not be remiss, then, to sum up briefly the etiological factors 
which earlier mvestigatois have discovered in connection with reaction 
times of adults as well as children Jung (4) unconditionally attri¬ 
butes long icaction time to emotional inhibition. Hull and Lugo ft 
(3), Cason (1), White and Powell (12) point to the effective tone 
of the stimulus word as one of the factois in long reaction time Cat- 
tell (2) found that reaction time differed according to the type of re¬ 
sponse made but also that the familiarity of the subject with the 
stimulus word, his previous training and the frequency of usage of 

^Received in the Editorial Olhce on December 28, 1936 

'The author acknowledges the valuable assistance of Dr Paul L. Hojnton, 
Gcoige Peabody College, in preparing this study 
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the stimulus, words were stioug etiological factors Ot’is (6) found 
the main factor in the case of cliildien’s differences in icaction times 
is mental ability Miles and Terman (5), in then summary of the 
literatuie dealing with sex differ cnees as levealed by the free associa¬ 
tion technique, found that women leacted slower than did men. 
Rusk (9) reports a decrease in length of leaction times with an in¬ 
crease in the chronological ages Wells (10) pel https presents the 
best point of view in his summaiy of the etiological factors involved 
in differences in leaction time He savs, 

The free association time is exactly what the name implies, a 
measure of association fieeclom It involves a freedom of ptc- 
sentation, of selection, of expression We obtain uniformly 
short association times in those individuals in whom all these 
processes arc comparatively free Where longer times are found, 
obstruction of some sort is indicated We have traced some of 
the characteristics of this obstruction, of its range of variability. 

This is as far as the unsupported association time will 
carry one It remains then to become acquainted with the nature 
of the obstruction, Where it is found, it must not be incontinently 
set down to emotional factors, but the roles of suppression, 
indecision, and the like must be carefully compared and weighed 
bv the best available means Then only do differences in asso¬ 
ciation tune assume their complete significance for the test, 
which is the most searching of all psychological experiments, and 
gives more coercively than all others, a pnradigma of the sub¬ 
jects' mental habit (10, 23). 

The word list used in this investigation consists of 55 stimulus 
words selected by the members of an advanced class in child psychol¬ 
ogy at George Peabody College as words which not only are familiar 
to children and common to their expevicnce, but wluch, still further, 
arc sufficiently personal to avoid the tiansitory, almost hit-or-miss 
types of leactions which are so dominant in the responses of many 
children to ceitain previously used word lists. The word list is as 
follows: 


1 

money 

10. 

dog 

19. 

girl 

2 

afraid 

11 

prayer 

20. 

daik 

3 

cold 

12 

boy 

21 

papa 

4 

mad 

13 

doll 

22 

friend 

5, 

dnnee 

14 

cheat 

23 

fun 

6 

angel 

IS. 

ghost 

24 

fuss 

7 

doctor 

16 

prison 

25 

sick 

8 

police 

17 

dream 

26. 

run 

9 

bed 

18 

flag 

27. 

frog 
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28 

milk 

37. 

coward 

46 

go 

29 

game 

38 

mother 

47 

happy 

30 

teacher 

39. 

tunnel 

4S 

mamma 

31 

sing 

40. 

slap 

49 

school 

32 

young 

41 

pretty 

50 

laugh 

33 

love 

VI 

help 

51 

stealing 

34 

star 

43. 

park 

52 

yy Her 

35 

whip 

44. 

hungry 

53 

home 

36 

circus 

1-5 

Sunday 

54 

honk 





55 

baby 


The woids weie piesented oiallv to the subjeU and records of 
both his response and reaction time were made hv the examiner. As 
ncai as possible test conditions wcie kept the same toi each subject 

The reaction times foi failures to icspond wcie not tecoidcd but the 
omission of these times will not aflect mateiiallv the 1 cliabilitv of 
any conclusions in view of the fact that failures oceuired only 604 
times in 22,000 responses 

The reaction tunes were measured with a stop watch graded 
to fifths of a second The watch was started when the stimulus word 
was pronounced by the cxaminei and stopped when the subject made 
Ins initial response The subjects were instructed to icpl\ with only 
one word and to reply as quickly as possible The following instruc¬ 
tions weie read to him. 

I am going to sny some words to you, one at a tunc When 
I say n word I want jou to answer just aa quickly as you can 
with the first word that my woid makes you think of Just say 
one word, and say it as quickly as you think of it For example, 
if I said the word "candy” yon might sny "good" or "cat 1 ' 
or "buy” Any one of these words would be right, because I 
only want to know what you think Ansyyet with just one 
word, and say it as quickly as you think of It What would 
you say if I said "grass"? 

The subjects foi this expenment weic 400 childicn of ages 7-10 
residing in Nashville, Tenncsce, and its immediate xiunitv and in 
Paris, Tennessee For the sake of making - compai isons more re¬ 
liable and consistent, 50 children in each sex-age level wcie tested. 
These children weie all cithei in public or private schools or in pub¬ 
lic or private institutions foi the care of orphan childicn 

Table 1 shows the median age of the various sex-age groups. 

It will be noticed that in none of the gioups does the median age 
exceed the midyear point and in only one gioup, the nine year girls, 
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TABLE 1 

Median Age in Srx-Aoc Groups 



7 vrs. 

Boys Girls 

8 

Bovs 

yrs 

Girls 

9 

Boys 

yrs 

Gn Is 

10 

Boys 

yrs 

Girls 

Mil 

7 34 

746 

8+6 

8 40 

9 37 

9 50 

10 26 

10 33 

Q 3 

7 61 

770 

8 71 

8 73 

9 71 

9 73 

10 63 

10 62 

Qx 

721 

7 09 

8 17 

8 09 

9 09 

9 21 

1001 

10,08 

Q 

,20 

305 

,27 

32 

31 

26 

31 

,27 


035 

051 

0+7 

057 

055 

046 

055 

0+8 

N 

50 

50 

50 

50 

SO 

50 

50 

50 


does it reacli it. Likewise, Qg at no place exceeds the thiee quarter 
of the year mark and Qi in each group is below the one quaiter of a 
year maik. The two gieatest median age diffeienccs occui in years 
seven and nine The fust of these is 12 of a year, and is only about 
1 87 times its probable criot The second is 13 of a year and only 
about 1 81 times its piobable error Clearly then the two sex gioups 
aie so similar chronologically that any comparisons drawn from the 
standpoint of age should be significant 

Wheat (11, 15) shows in his study of children responses that the 
chronological age, the gtflde, and the modal-age-withm-the-grade 
paralleled each other closely arid suggests that “when a more extended 
study of association responses in children is made for the pui pose of 
establishing fiequcncy tables for vaiious developmental levels, it will 
make little difference whether the tables aie set upon the age, the 
grade, or the modal-age-within-the-giade basis” Table 2 shows the 


TABLE 2 

Ace- Grade Distribution or Cases 


Grade 

7 

B 

yrs 

G 

8 

B 

yrs 

G 

9 

B 

yrs 

G 

10 

B 

yrs 

G 

B 

All Ages 

G B&G 

6 








8 

2 

8 

10 

5 




1 

8 

9 

19 

IS 

27 

28 

55 

4 

1 

1 

12 

15 

25 

2+ 

15 

15 

53 

55 

10S 

3 

2 

1+ 

16 

22 

8 

7 

8 

2 

3+ 

45 

79 

2 

32 

28 

16 

9 

7 

9 

4 

4 

59 

50 

109 

1 

15 

7 

6 

3 

2 

1 

2 

3 

25 

14 

39 

Total 

50 

50 

50 

50 

50 

50 

50 

50 

200 

200 

400 


distribution of cases by grades, and in the main, tends to substantiate 
Wheat’s point 

The children who made up this group of subjects foi this expen- 
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merit came from as widely different environment as could be found in 
a given section of the country Thirty-eight per cent came from state 
or private institutions foi oiphan children, 17 per cent from a private 
school in a liuge city, 5 per cent from the public schools of Nashville, 
Tennessee, and 40 per cent fioni ruial or semi-urban schools 
The tabulated data of the reaction times reveal the vast range of 
differences in reaction time exhibited by individuals in each agc-sc\ 
group. These differences occuired not only for the reaction times for 
different vroids by different individuals but also for the icaction of the 
same individual for diffcient woids in the test One nine ycai old 
girl had a range from two seconds on ten wot ds to 244 seconds on the 
woitl "young ” t a seven yeai old gnl had a langc fiom tluec seconds 
on 18 words to 241 seconds on the word “doctor”; an eight vear old 
boy had a range from 2 5 seconds on 13 words to 172 seconds on the 
word "teacher ” These, of course,, are extreme cases but many indi¬ 
viduals had ranges of fioin 15 to 30 seconds between their lowest and 
highest reaction times The median reaction times foi each stimulus 
word show a range in the eight yeai gals’ group fiom 1 38 seconds 
to the stimulus word teacher to four seconds foi tiic word f»nan, 
and in the boys’ seven year group, a range fiom 93 seconds to the 
woid milk to three seconds for the word flag 
The data which show these diffeienccs are so vast and bulky that 
it is not fcasablc to piesent them m the bodv of this study These 
differences, therefore, have been studied from the point of central 
tendencies of time reaction to each stimulus woid. The medians of 
the reaction times foi each stimulus woid at each age-sc\ level will he 
found m Table 3 

TABLE 3 

Median Rlaction Tours to Stimulus Words in Trims oi Seconds 

7 years 8 years 9 years 10 years All Arcs 
BGBGBGBGUG 


1 money 

Md 

1 51 

2 25 

1,86 

1.86 

1 80 

2 57 

2 00 

2 00 

1 83 

213 

PE rad 

25 

29 

.30 

30 

33 

20 

18 

18 

117 

120 

N 

+9 

49 

50 

49 

19 

49 

50 

48 

198 

195 

2 afraid 

Md 

2 20 

2 60 

2 94 

I 95 

2 59 

2 58 

1 79 

2 58 

2 40 

2 58 

PEmd 

33 

37 

38 

37 

38 

37 

24 

26 

170 

172 

N 

46 

46 

47 

48 

45 

47 

49 

47 

187 

188 
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TABLE 3 (continued) 




7 years 

8 yeais 

9 years 

10 years 

All 

Ages 



B 

C 

B 

G 

B 

G 

B 

G 

B 

G 

3 

cold 












Mil 

1 67 

1 96 

1,85 

1,86 

1 81 

2 66 

1 82 

2,25 

1 82 

2 11 


PE mil 

33 

31 

27 

29 

24 

.21 

23 

12 

138 

.125 


N 

49 

47 

50 

50 

50 

47 

50 

47 

199 

191 

4. 

mud 












Mil 

1 69 

2 68 

2 60 

2 56 

2 50 

2 92 

2 50 

2 88 

2 50 

2 78 


PEnul 

.33 

37 

.59 

47 

36 

28 

25 

36 

166 

196 


N 

46 

47 

48 

47 

48 

48 

50 

49 

192 

191 

S 

dance 

Md 

2.59 

3 13 

1 94 

2 80 

2 54 

4.56 

2 95 

3 00 

2 57 

3 07 


PE m(J 

33 

26 

42 

56 

.61 

38 

.21 

28 

192 

.182 


N 

45 

4 5 

45 

46 

47 

44 

48 

46 

135 

181 

6 

anigel 

Mil 

1 88 

2.25 

1.77 

2 60 

2 50 

2 96 

275 

2 50 

2 19 

2 SS 


PErnd 

2+ 

32 

22 

35 

23 

22 

30 

29 

108 

149 


N 

47 

48 

48 

48 

+8 

47 

49 

46 

192 

189 

7 

doctor 

Md 

1 65 

2 38 

1 89 

1 96 

1 90 

2 68 

2 00 

2 50 

1 90 

2 46 


PE m ,i 

.32 

27 

32 

30 

28 

26 

27 

20 

.151 

139 


N 

47 

50 

4S 

49 

38 

48 

50 

48 

193 

195 

8. 

police 

Md 

1 6+ 

2 75 

1 60 

2 25 

1 64 

2 61 

1,73 

2 84 

1 64 

2 43 


PE md 

30 

31 

18 

41 

28 

26 

18 

,25 

104 

149 


N 

49 

47 

50 

46 

49 

48 

50 

49 

198 

188 

9 

bed 












Md 

1 63 

1 S8 

1,81 

1 65 

1 56 

2 00 

1 67 

2 00 

1 62 

1.96 


PE mi , 

26 

19 

.28 

,22 

20 

15 

16 

18 

112 

106 


N 

50 

50 

50 

50 

50 

50 

50 

49 

200 

199 

10. 

dog 












Md 

1 63 

1 53 

1 81 

2,13 

1 56 

1 96 

1 67 

1 S2 

1 65 

1 89 


PEmi, 

27 

16 

28 

24 

.27 

19 

16 

16 

131 

.113 


N 

48 

48 

49 

49 

50 

49 

50 

49 

197 

195 

a 

pi aye, 

Md 

1 94 

2 90 

2 50 

2 50 

2 54 

3 SS 

2 55 

2 88 

2 52 

2 89 


PE m „ 

34 

27 

40 

36 

26 

.32 

.34 

36 

153 

,173 


N 

49 

49 

48 

48 

49 

49 

48 

48 

194 

194 

12. 

boy 












Mil 

1 88 

1 58 

2 5S 

1 60 

1 67 

2 25 

1 94 

1 41 

1 91 

1 77 


PEmi, 

35 

29 

46 

.38 

27 

28 

29 

18 

.123 

14 


N 

47 

48 

49 

48 

48 

49 

4S 

49 

192 

194 

13 

doll 












Md 

1 81 

2 64 

2 00 

2 00 

2,25 

2 94 

2 00 

2 67 

2 00 

2 66 


PEmi, 

.39 

36 

39 

37 

23 

16 

20 

25 

138 

151 


N 

49 

49 

50 

50 

50 

50 

50 

50 

199 

199 

14 

cheat 

Md 

1 94 

3 75 

2 64 

4 53 

2 92 

3 96 

3 71 

3 00 

2 78 

3 36 


PEmd 

42 

36 

32 

48 

35 

21 

35 

20 

189 

143 


N 

47 

44 

44 

47 

48 

49 

50 

46 

189 

1S6 



WILLIAM MCGEHEL 


447 


TABLE 3 (contjnued) 


7 years 8 years 9 years 10 years All Arcs 

BGBGBGBGBG 


15 

ghost 

Md 

1 90 

2 33 

2 3S 

2,69 

2.30 

2 90 

2 55 

2 85 

2 34 

2 62 


PE md 

29 

28 

35 

41 

27 

24 

28 

24 

110 

145 


N 

50 

48 

49 

48 

50 

49 

50 

49 

199 

194 

16 

prison 

Md 

1 90 

4 00 

2 38 

2 92 

2 30 

2 98 

2 55 

2 86 

2 34 

2 93 



31 

52 

,36 

49 

29 

24 

18 

25 

144 

166 


N 

44 

42 

17 

49 

47 

47 

49 

48 

187 

186 

17 

dream 

Md 

1,75 

3 70 

2 72 

3.49 

2 75 

3 13 

1 93 

2 96 

233 

3 31 



33 

45 

39 

55 

39 

28 

22 

36 

.182 

.181 


N 

48 

48 

47 

49 

•18 

45 

49 

48 

192 

190 

18 

flag 

Md 

3 00 

2 86 

2 92 

2 86 

2 92 

3 50 

2 86 

2 92 

2.92 

2,89 


p E m(] 

41 

39 

52 

40 

38 

24 

29 

20 

.193 

158 


N 

47 

46 

48 

48 

50 

50 

49 

48 

194 

192 

19 

girl 

Md 

1 84 

2 58 

1 92 

1 85 

2 S3 

2 08 

2 59 

2 70 

226 

2 33 


PE mil 

31 

38 

32 

26 

36 

08 

24 

20 

162 

139 


N 

46 

47 

50 

50 

SO 

49 

50 

49 

196 

195 

20 

dark 

Md 

1 60 

2 75 

1 8S 

2 56 

1 86 

3 41 

1 69 

2 08 

1 78 

2 66 


PE m( , 

23 

13 

31 

29 

20 

21 

18 

16 

.125 

091 


N 

50 

50 

49 

50 

49 

50 

50 

50 

198 

200 

21 

papa 

Md 

1 88 

2 25 

1.91 

1 91 

1 68 

2 25 

1 66 

1 92 

1.73 

2 09 


PE m(1 

47 

2S 

40 

28 

30 

20 

18 

,10 

176 

092 


N 

48 

47 

49 

49 

49 

48 

49 

49 

195 

193 

22 

friend 

Md 

1 67 

2 80 

3 13 

3 00 

2 69 

3 25 

2 96 

3 75 

293 

3 13 


PE m(1 

39 

29 

47 

48 

50 

38 

28 

22 

207 

.163 


N 

48 

45 

47 

48 

50 

48 

SO 

50 

195 

191 

23 

fun 

Md 

1 98 

2 78 

I 85 

1 97 

2 50 

2 60 

2 00 

2 77 

1.96 

2 69 


pE m(1 

29 

22 

22 

37 

35 

15 

32 

28 

.135 

.135 


N 

50 

17 

48 

49 

50 

48 

50 

49 

198 

193 

24 

fuss 

Md 

1 71 

2 67 

2.50 

2 25 

1 73 

258 

2 50 

2 53 

2 12 

2 56 


PE m(1 

32 

30 

39 

27 

21 

16 

31 

18 

.135 

101 


mu 

N 

49 

47 

48 

49 

49 

50 

50 

49 

196 

195 

25 

sick 

Md 

1 75 

1 97 

1 90 

2 42 

2 19 

2 90 

1 93 

275 

1 92 

2 59 


PE m( i 

30 

27 

28 

36 

31 

31 

26 

28 

148 

141 


IB Cl 

N 

49 

47 

48 

49 

49 

48 

49 

50 

195 

194 
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TABLE 3 (continued) 


7 years 8 years 9 years 10 years All Ages 
BGBGBGBGBG 


26 run 



Md 

1 68 

1 91 

1 78 

2 61 

2 00 

261 

2 25 

2 61 

1 89 

2 26 


PE ra ,l 

32 

42 

29 

37 

37 

18 

20 

17 

147 

128 


N 

49 

48 

50 

49 

48 

49 

50 

50 

197 

196 

27 

frag 

Md 

1 58 

2 53 

1 95 

1 38 

1 75 

2 62 

2 06 

206 

1 S5 

2 57 


PE nuI 

21 

27 

31 

47 

19 

16 

13 

23 

109 

123 


N 

49 

45 

50 

47 

48 

48 

49 

48 

196 

1SS 

2S 

game 

Md 

1 75 

2 57 

1 89 

177 

1 82 

3,61 

1 91 

2 55 

1 S6 

2 56 


PE ni(l 

30 

21 

38 

27 

30 

.31 

15 

07 

.147 

US 


N 

48 

47 

46 

45 

48 

46 

50 

49 

192 

187 

29 

milk 

Md 

93 

1 83 

1 83 

1 60 

1.51 

1 87 

1 68 

1 S9 

1 60 

1 85 


PE n,a 

14 

24 

22 

20 

19 

.11 

20 

13 

105 

.075 


N 

50 

50 

50 

50 

49 

50 

50 

50 

199 

200 

30 

teacher 

Md 

1 71 

1 38 

1 67 

1 85 

1 77 

2 75 

1 9S 

229 

1 74 

2 07 


p E md 

22 

24 

28 

25 

19 

,21 

20 

17 

122 

109 


N 

48 

50 

48 

50 

50 

50 

49 

50 

195 

200 

31 

sing 

Md 

1 79 

2.82 

1 98 

2 25 

2 38 

2 79 

2 53 

2 68 

2 18 

2 74 


PE m(l 

30 

.38 

30 

32 

27 

30 

.33 

24 

142 

138 


N 

48 

47 

49 

49 

49 

48 

49 

+9 

195 

193 

32 

young 

Md 

1 67 

1 95 

1 91 

196 

1 96 

2 97 

1 63 

213 

179 

2,05 


p E ma 

.32 

29 

,29 

31 

.25 

26 

20 

20 

139 

125 


N 

47 

46 

49 

49 

50 

49 

49 

47 

195 

191 

33 

love 

Md 

1 71 

2.60 

2 56 

2 85 

2 00 

3 68 

2 88 

2 75 

2 28 

2 80 


p E m0 

,29 

36 

32 

,38 

37 

22 

39 

20 

.171 

153 


N 

47 

48 

48 

49 

48 

50 

48 

49 

191 

196 

34 

star 

Md 

1 71 

2 38 

1 78 

1 89 

1 95 

1 68 

2 13 

2 54 

1.87 

2 13 


PE m«i 

22 

19 

22 

,22 

20 

19 

24 

14 

106 

181 


N 

50 

50 

49 

49 

50 

49 

50 

50 

199 

198 

35 

whip 

Md 

1 61 

2 71 

2.00 

1 94 

2 52 

2.71 

2 13 

282 

2,07 

271 


PE n,a 

21 

45 

30 

39 

26 

18 

10 

19 

118 

143 


N 

49 

46 

4S 

50 

47 

50 

47 

48 

191 

194 

36 

circus 

Md 

1 70 

2 61 

2 61 

2,00 

1 59 

2 53 

1 91 

2 94 

1.81 

2.57 


PE md 

,20 

26 

23 

.27 

23 

.24 

.12 

32 

110 

131 


N 

50 

46 

49 

50 

49 

49 

50 

48 

193 

193 



WII LIAM MCGI-HFt 


449 


TABLE 3 (continued) 




7 years 

B G 

8 years 

B G 

9 years 

B G 

10 years 

B G 

All Ages 

Ii G 

37 

coward 

Md 

1 88 

3 70 

2 67 

2 83 

2 25 

3 61 

1 67 

3 56 

2 11 

3,59 


PE md 

21 

41 

28 

47 

21 

41 

26 

.20 

136 

190 


N 

46 

44 

46 

46 

49 

47 

50 

44 

191 

181 

38 

mother 

Md 

I 94 

1 83 

1 97 

1 83 

1 96 

2 59 

1 80 

2,13 

1 95 

1 98 


PE nio 

32 

32 

31 

19 

25 

24 

40 

18 

137 

091 


N 

49 

49 

49 

50 

49 

50 

49 

50 

196 

199 

39 

tunnel 

Md 

175 

2 58 

205 

2 67 

2 75 

3 00 

2 50 

2 63 

2 28 

2 65 


PE nul 

30 

39 

33 

41 

30 

35 

19 

20 

.151 

164 


N 

48 

40 

47 

48 

49 

46 

50 

48 

194 

182 

40 

slap 

Md 

1 63 

2 67 

1,88 

2 53 

2 50 

2 60 

2 57 

2 83 

2 19 

2 64 


PE md 

.23 

32 

22 

39 

30 

21 

.28 

17 

133 

138 


N 

47 

48 

49 

49 

50 

48 

49 

49 

195 

194 

4-1 

pretty 

Md 

1 56 

2.63 

238 

1 83 

1 96 

2 SO 

2 53 

2 55 

2 17 

2 53 


PE„„, 

33 

40 

37 

30 

37 

21 

28 

,23 

167 

138 


N 

47 

45 

49 

48 

49 

48 

49 

50 

194 

191 

42 

help 

Md 

1 71 

2 75 

271 

2 89 

3 54 

3.55 

2 96 

3 69 

2 84 

3 22 


PE m ti 

33 

45 

32 

38 

44 

32 

,22 

29 

150 

163 


N 

47 

45 

48 

48 

47 

49 

47 

47 

189 

189 

43 

park 

Md 

I 65 

2 00 

1 84 

2 56 

1 96 

2 69 

1 89 

2 68 

1 87 

2 62 


PE I11(1 

23 

26 

25 

37 

28 

25 

16 

19 

122 

127 


N 

48 

46 

47 

48 

50 

49 

50 

48 

195 

191 

44 

hungry 

Md 

1 63 

2 55 

1 89 

2 33 

1 88 

3 65 

1 89 

2 89 

1 88 

2 72 


PEm.l 

23 

25 

30 

31 

21 

22 

18 

18 

129 

113 


N 

48 

50 

49 

48 

49 

SO 

50 

49 

196 

197 

45 

Sunday 

Md 

1 60 

2 56 

1 84 

1 90 

2 00 

2 54 

1 82 

2 53 

1 83 

2 53 


PE rmt 

22 

36 

33 

38 

22 

17 

20 

.14 

107 

108 


N 

48 

48 

49 

50 

50 

50 

50 

50 

197 

198 

46 

go 

Md 

2 58 

2 86 

2 55 

2 75 

2 53 

2 99 

1,87 

3 13 

2 54 

2 93 


PE,ml 

32 

42 

39 

38 

30 

22 

19 

22 

.53 

.146 


N 

49 

48 

19 

48 

49 

49 

49 

47 

196 

192 

47 

happy 

Md 

2 10 

2 75 

2 25 

2 89 

2 33 

2 89 

1 78 

2 86 

2 18 

2 87 


PE [m , 

37 

26 

24 

44 

31 

19 

35 

17 

152 

: 112 


N 

48 

47 

47 

49 

50 

50 

49 

49 

194 

195 
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TABLE 3 (continued) 




7 years 

B G 

8 years 

B G 

9 years 

B G 

10 

B 

years 

G 

All 

B 

Ages 

G 

48 

minima 

Md 

95 

2 00 

2 63 

1 83 

1 78 

258 

1 88 

2 25 

1 33 

2 13 



30 

38 

39 

22 

30 

20 

27 

14 

147 

103 


N 

47 

48 

49 

48 

49 

49 

49 

49 

194 

194 

49 

school 

Md 

I 97 

1 94 

1 88 

2 08 

1 91 

2 67 

1.83 

2 00 

1 90 

2 04 



25 

27 

22 

30 

18 

21 

18 

11 

100 

114 


N 

49 

50 

48 

49 

50 

50 

50 

50 

197 

199 

50 

lough 

Md 

1 80 

2 78 

2 33 

1 85 

1 9S 

2 83 

2 33 

2 73 

2 16 

276 


PE ,na 

33 

37 

30 

21 

31 

21 

.35 

.16 

156 

126 


N 

48 

49 

48 

48 

49 

50 

50 

50 

195 

197 

51 

stealing 

Md 

171 

2 70 

2 17 

2 56 

1 94 

3 00 

1 97 

3 00 

1 96 

2 85 


pe „hI 

31 

26 

.31 

46 

28 

52 

26 

24 

143 

157 


N 

48 

38 

49 

47 

46 

44 

4S 

42 

188 

171 

52, 

water 

Md 

1 65 

1 87 

1 79 

1 70 

1 83 

1 92 

1.64 

2 42 

1 72 

1 90 



21 

25 

22 

18 

20 

12 

23 

26 

103 

090 


N 

50 

49 

49 

49 

50 

50 

50 

49 

199 

197 

53 

home 

Md 

1 64 

27L 

1 83 

l 94 

1 86 

2 59 

1 96 

2 67 

1 35 

2 63 


PE ma 

,23 

30 

29 

30 

25 

16 

19 

16 

128 

096 


N 

+9 

46 

49 

48 

50 

48 

50 

50 

198 

192 

54 

book 

Md 

1,58 

I 83 

I 78 

179 

1 72 

1,96 

1 82 

2 57 

1 75 

1 90 



.20 

.17 

21 

26 

19 

.12 

15 

106 

.097 

076 


N 

50 

49 

49 

49 

49 

49 

50 

50 

198 

197 

55 

baby 

Md 

1,55 

I 92 

l 85 

1,82 

1 84 

2.65 

1 97 

2.73 

1 85 

2 29 


p E md 

.34 

20 

22 

22 

28 

.23 

27 

17 

145 

071 


N 

47 

+8 

49 

48 

47 

49 

49 

50 

192 

192 


The existence of maiked differences in reaction between indi¬ 
viduals at the same sex and. age level me interesting but this dis- 
coveiy merely gives a point of depaiture foi furthei investigation 
It is pertinent, theiefoie, to the present investigation to discover any 
differences in reaction times which may exist between the age-sex 
groups and to investigate the extent of these diffeienccs. In othci 
words, the present investigator is intcicsted in discoveung if the 
reaction time of boys is shoiter than that of gills and if the icaction 
time at one age level is longer or shortex than at another age level 
In order to investigate these differences the median icaction time 
for each age-sex group has been calculated by securing the median 
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of the median leaction times to each of the stimulus woids appearing 
in the test used in this investigation. The results of these calcula¬ 
tions are found in Table 4 


TABLE 4 

Median or Tisir Responses to All Stimulus Words in Seconds 


Age 

Sex 

B 

7 

G 

B 

S 

G 

B 

9 

G 

10 

B G 

All Ages 

B O 

Md 

1.72 

256 

1 9+ 

213 

1 97 

2 59 

1 96 

2 65 

1 94 

2 59 

Q* 

1 S5 

2 74 

2.51 

261 

2 46 

2,88 

2 52 

2 86 

2 3+ 

2 79 

Q« 

1 G4 

1 06 

1 8+ 

1.86 

1 81 

2 54 

1 83 

2 43 

1 82 

2 19 

Q 

105 

39 

.34 

38 

.33 

.17 

35 

22 

,26 

,30 

PE mil 

01G 

065 

087 

.064 

085 

028 

089 

037 

on 

051 

N 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 


The fitst significant fact which this tabic reveals is that in each 
age level the median tune reaction of girls is great'ci than that of 
the boys and the lowest median time of the girls, 2 B at the eight 
year old level, is greater than the highest median time of the boys, 
1,97 at the nine year old level. At each level the difference is statis¬ 
tically reliable as the computation of the probable error of the differ¬ 
ence shows The piobable cuor of the difference between boys and 
gills at the seven year level is .021, between boys and girls at the 
eight year level, 029, between boys at the nine year level and girls 
at the eight year level, 027, bovs and girls at the ten year level, 026 

It is evident then that a significantly longci reaction time fm girls 
than boys is revealed by the free word association test used in this 
expei iment The present investigate is inclined to agiee, from his 
expeiience in giving the tests, with Hull and Lugoff that the longer 
reaction time of girls is in part explained by their greater willingness 
to cooperate and gieater desire to make a bcttei record on the test 

No consistent diftcience between the median reaction tunes of 
boys and gills viewed chionologicallv is revealed by the picscnt in¬ 
vestigation The only statistically reliable difference in the case of 
boys is found between the seven year hoys and the other age groups 
There seems to be, then a slight tendency for boys, eight, nine, and 
ten ycais old, to give a longei leaction time than do bovs seven 
years old. 

The median leaction times of girls viewed chionologically give 
even a less conclusive pictuie of difference than do the reaction times 
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of boys. It is noticeable, moreover, that the differences between 
eight yeai old girls and the othei chronological levels are the only 
statistically leliable differences found at any age level for girls The 
reaction time for eight year old girls is always less than the reaction 
time of the girls at the other age levels but this decided drop in re¬ 
action time cannot be explained by the data secured in the present 
investigation 

If, however, the girls' leaction time is compared with boys', omit¬ 
ting the median time reaction at the eight year level, a decided simi¬ 
larity is revealed, that is, a short reaction time for both hoys and 
girls at the seven year old level, a gradual and, for the girls not a 
statistically reliable, increase in length of reaction time to the nine 
yeai old level, and a slight and statistically unreliable decrease in 
length of reaction time at the ten year old level for both boys and 
girls. 

It must be concluded, however, from the data at hand that the 
only definite trend shown in differences m reaction between age 
levels is the tendency for boys eight, nine, and ten years old to give 
longer i eaction tunes than do boys at the seven year old level. 

In so far as chronological age in a normal distribution of cases 
educationally is indicative of mental age, and Wheat points out that 
whether the chronological age, the grade, 01 modal-age-within-the- 
grade is used in examining children’s reactions to a free word asso¬ 
ciation test the results are the same, no evidence such as that suggested 
bv Otis can be found in this investigation that speed of reaction de¬ 
pends upon the degree of mental development of the child A child 
retarded mentally could do as did seven subjects examined in this 
expeiiment, he could answer “I,” or a similai word to eveiy stimulus 
word moie rapidly than a mentally normal child could react with 
logical responses 

In older to discover whether children of elementary school age 
give shorter reaction times to preferred responses than do responses 
not so classified the following data weie calculated The median 
reaction times have been taken for eveiy tenth stimulus word as the 
words appear in the test used m this expci iment These words arc: 
10 dog; 20 dark; 30 tcachei, 40 slap, 50 laugh The median 
reaction time for each of these words has been compared with median 
reaction tune for responses to these woids which have occurred 20 
per cent or mate times, In addition, the median of the preferred 
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lesponscs have been compaied with median leaction time for each 
age-sex group It must be added, howevei, that although it is felt 
that sampling of stimulus woids is adequate, the conclusions drawn 
from these data cannot be considered final and must be regarded as 
merely indicative of certain definite trends Table 5 gives the median 
reaction times of the selected stimulus woids, the median reaction 

TABLE 5 

Mcdian s Preferred Responses to Evcry Tenth Stimuius Word, Ai i Re¬ 
sponses to Every Tenth Stimulus Word, and Ait Responses 
in Each Age-Sex Lfvfi 
Medians in Terms of Seconds 

7 8 9 10 



B 

G 

B 

G 

B 

G 

B 

G 

Median of All 
Responses—Age- 

1 72 

2 56 

1 9+ 

2 13 

1 97 

2 69 

1 96 

2 65 

Sex Levels 

10 dog 

Md All Resp. 

1 63 

I 53 

1 81 

2,13 

1 56 

1 95 

1 67 

1 82 

Md Pref Resp 

1 58 

1 50 

1 67 

1 67 

46 

1 64 

86 

90 

Q 

143 

1 11 

1 22 

1 10 

74 

1 64 

86 

90 

PE mil 

54 

27 

4S 

37 

26 

73 

15 

45 

N 

11 

26 

10 

1+ 

14 

14 

21 

23 

20 dark 

Md All Resp 

1 60 

2 75 

1 88 

2 56 

1 86 

3 41 

1 69 

2 08 

Md Pi ef Resp 

175 

1 00 

1 50 

2 00 

1.55 

2 50 
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times of the piefeucd responses to these woids, and tiie median re¬ 
action times of all responses in each age-sex group 

An examination of Table 5 icveals that the tendencj’ to give shoitei 
reaction times when the response is a picferied response is not con¬ 
sistent foi all the stimulus woids examined at each age-sex level. 
The stimulus word don shows at all age-sex levels a shoitei reaction 
time when the response is a picfencd response The stimulus word 
dm k shows only one age-sex level with the prefeuecl responses having 
a laiger reaction time than the responses not classified as preferred 
The other stimulus words of this group show varying tendencies 
at the different age-sex levels. 

The tendency foi bovs as a whole to give shoitei icaction times 
when lesponding with a piefeucd response is not as maiked as is 
the tendency for gals Girls, considered regardless of age difteicnees, 
show a consistent tendency to give shoitei time icactions foi pic- 
feired response than foi responses which do not belong to the pre¬ 
fer led cntcgoiy. If, howevci, both sexes are taken together regaid- 
less of age thcie is a tendency to give shortet ieaction time when 
responding with prefened responses than when responding with re¬ 
actions not so classified 


Conclusions 

The data secured in the piesent investigation of the reaction times 
of elementaly school cluldicn by the ficc word association method 
point to the following conclusions’ 

(1) That diffeiences in reaction times of the subjects of this 
experiment aie gi eatei and more variable than difference in median 
reaction times of any age oi sex gioups. 

(2) That boys show a consistently shot ter median icaction time 
than do girls, 

(3) . That age level difference in reaction time show no con¬ 
sistent tendencies It is noted, however, that (r?) the reaction times 
of boys tend to increase in a statistically reliable difference from the 
seventh to the eighth year and remain compaiatively constant thiough 
the eight, nine, and ten year levels, and further, that (A) girls show 
no statistically reliable difference in icaction time except at the eight 
year old level which is shorter than at other levels 

(4) That children of elementary school age tend to give shorter 
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time reactions when their verbal reactions arc of the "preferred" 
response variety 

(5) That the degree of mental development plays only a small 
part in the speed of reaction time 

(6) That previous degree of familiarity with the stimulus word 
tends to affect the reaction times of individuals in this experiment 

(7) That further investigation, which will seeme introspective 
data from the children who serve as subjects, is necessary before the 
etiological factors and the significance of differences in reaction time 
of children can be determined 
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SOME CHARACTERISTICS OF THE WRITTEN SPEECH OF 
STUTTERERS I * 

Jon Eisbnson 

This paper presents the icsults of a preliminary study of the written speech 
of stutterers We are desirous of learning whether the stutterer carues over 
into lus written speech the characteristics which arc manifest in his spoken 
speech II Mcltzer (I) studied the speech of stuttering children on the 
basis of verbal responses to the ink blots of the Rorschach Personality Test 
He concluded that the speech of the stutterer is characterized by verbal 
trial and error, and that the stutterer is more talkative than the normal 
speaker (The number of words spoken in a given tune period was taken 
as the measure of talkativeness ) 

In the present study we chose a fundamentally different type of lest 
situation Because we believe that the way to study the speech of a stutterer 
is to examine his verbal utterances in what is for him a normal speech situa¬ 
tion, we asked our subjects to write for fifteen minutes on a topic of 
current interest to them The topic chosen was “Amalgamation of Extra 
Curricular Activities at the College” The topic was of tin special sig¬ 
nificance except that it was widely discussed by the students at the college 
The subjects were a group of IS undergraduate male stutterers who at¬ 
tended the college speech clinic, and two control groups of IS normal 
speakers matched with the stutterers for age and class m college The 
number of words written was taken as the measure of “talkativeness ” 
The number of words crossed out was taken as an indication of “verbal 
tual and error" 

Results 

The results of the experiment are indicated in Table 1, Wc sec that 

TABLE I 

Comparison between Stutterers and Non-Stutterers in Respect ro Number 
of Words Written and Number oi Words Crossfd Out in 
Composition Writing 




Stutterer 

Non-Stutterer 

Mean numbci 

of wouls written 

98 

195 6 

a of mean of : 

no of words written 

8 37 

It 9 

Mean per cent 

of words crossed out 

+ 7 

1 7 

a of mean per 

cents of no of words crossed out 

2 1 

29 


^Received in the Editorial Office on December 11, 1936 
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the mean number of wards far the stutterers is half that of the normal 
spcakeiSj 98 compared with 19S 6 The difference between the means of the 

two groups as measured by the formula renee — n 6 7, indicating un- 

tr oiiierence 

questioned statistical significance The percentage of words crossed out 
by the stutterers is 4 7 compared with 17 foi the normal speakers The 
numbei of words involved was too small to establish statistical significance 

CONCI USIONS 

The findings indicate that in written speecii stutterers are less talkative 
than normal speakers This is not consistent with Meltzer’s findings in re¬ 
gard to the spoken speech of the stutterer The differences may be ex¬ 
plained by the probability that the stutterer inhibits responses which he 
does not put on paper Despite this inhibition of response, the stutterer's 
written speech, on the basis of the percentage of words crossed out, was 
more marked by trial and error behavior than that of the normal speaker’s 
The results suggest that the stutterer’s difficulty in speech may be a mani¬ 
festation of an inability to sustain colieient thought and to express such 
thoughts verbally. In a free association situation where sustained coherent 
thought is not called for, as in Meltzer’s experiment, this difficulty is 
evidently not present 

Reference 
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PLANTAR RESPONSES IN INFANTS FOLLOWING A STARTLE 
STIMULUS* 1 

Frances M Clarke, William A. Hunt, and Edna B Hunt 

An investigation of the startle pattern response in infants following a 
sudden shot stimulus revealed a wealth of plantar responses (2) Since 
plantar response is not found m adults as part of the startle pattern, and 

^Received in the Editorial Office on October 28, 1936 

'This study was facilitated by a National Research Council grant to one 
of the authors Thanks are due Miss Mildred McGourty for assistance in all 
phases of the work Particular gratitude is due Miss Elizabeth Monger, 
director of the Connecticut State Farm for Women at Niantic, and to Dr. 
Freitag and all the other members of the staff for their cooperation dining 
the work 
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since its diverse forms in infants give no indication of the regularity and 
uniformity typical of the rest of the response, it seems best to treat it 
separately This decision is leinforced by the interest of the plantar response 
per se, and by the further information offered on many of its problems 
by our data The mere fact that most of the previous material has been 
furnished by experiments utilmng cutaneous stimulation makes their elicita¬ 
tion by an auditoiy stimulus intciesting Our data also offer material bear¬ 
ing on the questions of the appearance of any qualitative regularity in the 
plantar response, Lhc relationship between age and type of plantar response, 
the relationship between plantar response and yvithdrawal flexion of the 
limb, and the effect of peripheral tone on the response 

PitocrnuRE 

A total of 63 responses tn infants ranging from S days to approximately 
one year in age, are reported These yvcie selected from the original group 
of 97 responses (2) solely on the basis of their availability for careful ob¬ 
servation This selection was necessary since some of the older infants 
xverc standing, some had their feet outside the photographic held, some 
xvcrc moving at the time, and in some cases the photogiaphy was not 
sufficiently sharp to render fine judgments of toe movement possible We 
have also discarded from our table the two cases (one 17 months, one IS 
months), who showed no plantar responses The children were photo¬ 
graphed lying on their backs The stimulus was delivered by an electrically 
fired 22 caliber revolvei m circuit with n time marker Scoring yvas done 
by a committee of three judges yvho viewed the pictures in slow motion 
The technique is reported at length elsexvhcic (2) 

Results 

The majority of om cases, (63 out of 65) showed plantar responses to 
the shot stimuli The variety and diversity of these are shown in Table 1 
Tn this table the onginnl position of the toes is designated by the large 
letteis The response to the subsequent shot is designated by small letters 
Extension is designated by the letter I, flexion by F, normal by iV, 1 designates 
cases yvheic the i espouse yvas uncertain, and 0 designates no response. 
Mixed responses are indicated by combinations of small letters in the order 
in which the iespouses appeared. That plantar responses can be elicited l>> 
a sudden loud stimulus and that such elicitation is usual is shown by our 
results Such plantar responses have not appeared in adults (1), but are 
found in primates (4) As Table 1 shows, these responses include flexion 
and extension and are not limited to any one type The Ilabmski is intituled 
among those responses elicited Tins diversity of response agrees yvitli the 
findings of Richards and Irwin (6), and of l'ratt, Nelson, and Sun (5), for 
cutaneous stimulation No paiticular type of response such as flexion or 
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extension seems to stand out sufficiently to warrant its being regarded as the 
normal physiological function at any age level within the range of our 
subjects While the infantile Babinski response in both feet is found m 
our youngest case (8 days), both flexion and extension are found from 13 
days on The only diffeience with respect to age level is that the younger 
the infant the more violent the reaction 
There is no confirmation for the view that extension of the toes is associ¬ 
ated with the withdrawal flexion of the limb This withdrawal flexion of 
the limb is typical of the startle pattern, but it is associated m our results 
with both flexion and extension of the toes 
The suggestion made by Bourguignon (1) and more recently by Juarros 
(4), that peripheral tone may be a factor in determining whether the plantar 
response is one of flexion or extension is not clearly supported by our data 
Rather than showing that previous extension predisposes to flexion in the 
subsequent plantar response, and that previous flexion predisposes to ex¬ 
tension, our results show the opposite Previous flexion seems to encourage 
a more complete flexion in the subsequent plantar response in the majority 
of cases For previous extension, the matter is less clear due to the in¬ 
adequate number of cases. We can conclude, however, that the relation of 
peripheral tone to plantar response is not as simple as has been thought 
heretofore. 


Summary 

A sudden sound stimulus was found to release plantar icsponses in a 
group of 63 infants from eight days to one year in age These responses 
are of varied types and show little relationship to such factors as age, limb 
withdrawal, and peripheral tone 
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TIIE TYPEWRITER KEY AS A DEVICE FOR REGISTERING CHOICE 

TIMING* 

Marip L H Forbps 

Figure 1 shows a line of typewritten marks each representing an interval 
of time, the letter a. below the line representing a choice registered at the 
fifteenth movement of the spacing mechanism, which 19 not operated by the 
subject 

0 10 20 3 _0 * ( 0 6 t O 

K 

FIGURE l 

Figure 2 shows a cardboard fi ame for the display of a caption above n 
blank key (1) (2), the frame being held upright behind the lowest row of 
keys by means of a ciossptece which passes under the keyboard 

The writei gratefully acknowledges the examination of the materials by 
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her former instructor, Dr Walter F Dearborn, Director of the Psycho-Edu¬ 
cational Clime, Harvard University 
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Koiits, N Infant Apr and Human Child, Instincts, Emotions, Play, 
Habits [Ditia chimp an/e 1 clitia tcheloveka, v lkh mstinktakh, emotinkh, 
igrakli, pnvytckkakh i vyiazitelnykh dvizhcniakh ] Scientific Memoirs of 
the Museum Dnrwinianum in Moscow, v III, 1935 Pp xvi+596 c 145 
plates, 

Out of Russia comes a staking volume -with an airesting title Infant 
A pc and Human Child It appears as a bulky scientific memoir, embellished 
with 145 plates, reproducing 604 individual photographs A summary ill 
English and the wealth of photogiapbs and numerous drawings, made by 
the authoi or under her supervision, render the work useful and highly 
suggestive to those who cannot read the onginnl Russian 

Madam Kohts Is unquestionably an observer of ingenuity, patience, and 
scientific restraint In a double sense this is a contribution to comparative 
psychology Her basic observations weie made from 1913 to 1916 on n 
male chimpanzee, Jam, during the age period fiom l'/ to + years In 
1925 her son Roody wns boin, she made behavior rccoids of his develop¬ 
ment from the moment of bnth up to the age of 4 years in 1929, The 
respective infrahuman and human data were therefore separated by a 
period of twelve years Such a separation of time doubtless reduced the 
detail and incisiveness of the comparative data, but it also served to temper 
the final conclusions and to obviate serious preconceptions The author 
has at least avoided the temptation of magnifying the human aspect of 
chimpanzee and she brings into clear lelief the distinctive characters in the 
superiority of homo sapiens It seems to us that she has succeeded better 
in this task of critical companson of two species than have those studies 
which emphasize somewhat too strongly similarities, identities, and simian 
precocities, 

Madam Kohts has taken fully five years to assemble and to evaluate 
her compai ative findings The text divides into 3 parts I The Behavior 
of the Infant Chimpanzee, II The Behavior of the Human Child, III 
Analysis of Behavior of Man & Ape (pages 454 to +88) Chimpanzee 
cams a special chapter on Deceptive & Sly Behavior For Roody there is 
a special chapter on Memoty & Habit Forming (conditioned-reflex be¬ 
havior), There aie two equivalent chapters on bodily features, face, arms, 
hands, legs, static and dynamic postures The line drawings of postural 
and mimetic altitudes m chimpanzee, are unusually well done One wishes 
that here the comparison had been cained over more systematically to the 
human The author finds that the manifestation of emotions as expressed 


465 



466 


JOURNAL or GrNETIC PSYCHOLOGY 


in mimics, pantomime and vocnlizatioo is “incompai ably more piominent 
and accentuated in the ape" 

In the mattei of atticnl.ue sounds, however, no comparison whatever can 
he drawn All told Jom was capable of emitting when moved by emotion 
25 distinguishable sounds Nearly all of these sounds were also in Roody's 
repertoire hut at the age of one year he was already freely indulging in 
spontaneous word building 

Although Kohts did not, after the manner of Kellogg, attempt to create 
an identical environment fot the early development of ape and child, she 
obseived Hei subjects in similar situations Both "children" were easily 
taught to soap their hands, to use a handkeichief, and to wipe tlicir 
mouths with a sciviette The reactions of both to then own mirror image 
vveic observed to be strikingly alike, including spying, smiling, touching, 
grimacing, spitting, menacing gesticulation, and Ubial vocalization 

Numerous and. many sided simUaiitics were discovered in many fields of 
behavior The only specific trait of the chimpanzee with apparently no 
analogy whatevei in human behavior was found to be a “modulated giunt- 
ing oh-oh sound ending in a baik and accompanying general excitement” 
Madam Kohts is aho impressed by the fact that she failed to find in the 
chimpanzee even "a single psychic trait winch would not at the same time 
belong to man at tins or another stage of development” But when she 
passes fiom analysis to synthesis and asks, “What aftei all, is the con* 
temporaiy chimpanzee?” she answers, “Not only is it impossible to sav 
that he is ‘almost human,’ we most go even further and state quite defi¬ 
nitely that he is 'by no means human,*"—and this on the giound of evidence 
which she sums up as follows 

(1) In the fvinctional biological field the chimpanzee totally 
ignores the possibility of walking erect and of freeing Ins hands 
for carrying weights, (2) In the spheie of imitation die chim¬ 
panzee is devoid of mutation msofas as human sounds aie 
conceined and gcneially fails to extend or improve Ins uiiita- 
torv behavior, (3) In respect of emotional altruistic and social 
behavior, the chimpanzee fails to understand the advantages 
of friendly sympathetic mterconist with creatures standing on 
a lowei biological level than himself, (4) With regard to habit- 
forming the chimpanzee does not impiove ut the motor habits 
connected with the use of tools and household implements, (5) In 
the sphere of plnyful behavior he does not indulge in creative 
constructional play 

Yerkes has called attention to the wide gamut of individual diffei ences 
among chimpanzee. Such diffeiences must be taken into account before 
generalizing the comparisons airived at in the present volume It must also 
be remembered that the author had no opportunity to observe in her ape 
the inte re sling period of development between birth and the nge of 1J4 
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years From the standpoint of comparative developmental psychology this 
is precisely the period which needs parallel study in ape nnd man Such 
a study would be less concerned with a comparison of specific abilities 
than with the deeper biological problem of species differences in develop¬ 
mental mechanics Fiom the standpoint of life cycle, what are the early 
differences in the ontogenesis of behavior,—in the patterns of behavior 
growth? This is the fundamental genetic problem 
In 1923 Mis, Kohts published a volume on chimpanzee intelligence 
("Unteisuchungcn uber die Elkcnntmsfahigkeiten de9 Schimpansen," Mos¬ 
cow, pp 453) She is engaged m a third expel imcntal research on the 
“ability of the chimpanzee to distinguish foini, size, quantity, nnd number 
and his capability towards asceitaining likeness and dissnnilaiily, analysis 
and synthesis ” Through this experimental approach she hopes to detci- 
mine whether chimpanzee harboia those human-like characters which 
pioanihropis had to possess in order to become homo sapiens, 

The present volume therefore lies between two scientific undertakings, In 
a stimulating way it suggests many vistas of investigation The extensive 
collection of photographs, sumptuously reproduced on special paper at the 
end of the book, greatly enhance its value The photographs depict Join 
and Roody m naturalistic situations, The cxpicssmnal behavioi of 
chimpanzee has been caught in gieat variety and in detail These par¬ 
ticular pictures are little short of classic and would have delighted Darwin, 
whose name adorns the museum under whose auspices this pioneer com¬ 
parative study of a pan-child and man-child was cairied through 

Arnoid Geseh 

Chine of Child Development 

Yale University 

New Haven, Connecticut 
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